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PRELIMINARY OBSERVATIONS. 


When one examines the mode of opera- 
tion of the triple valve as fitted to goods 
trains, it will be noticed that in deter- 
mining the stopping distances of trains 


of this kind, it is necessary to consider. 


two successive braking periods, namely : 

1) A first period of known length dur- 
ing which the brake cylinders are charg- 
ed. During this period the total effort 
(force) of application of the brake shoes 
increases with time, rapidly at first and 
increasing progressively, up to a maxi- 
mum which is reached at the end of the 
period. 

2) ‘A second period, during which the 


maximum pressure arising in the brake 


-* 


i 
% 


hk 
oo. 
- 


__ cylinders 


is maintained and during 
which braking takes place at constant 


pressure. 


Under these conditions and knowing : 
1. the weight of the train and its 


make-up; 


7 
+ 
a 


4 


2. the weight and type of locomotive 
hauling the train; 

3. the maximum braking force due to 
the united braking force of the brake 


shoes of the waggons braked in the train 


(including locomotives) ; 

4. the required further effort to be 
reached; 

5. the gradient of that section of the 
line on which the braking takes place; 

6. the speed of the train at the com- 
mencement of application of the brakes; 
the problem is to ascertain : 

1) the speed of the train at the com- 
pletion of the period of charging the 
brake cylinders; 

2) the distance covered by the train 
during this initial period; 

3) the time elapsing until the train is 
brought to rest (second period) ; 

4) the distance covered by ‘the train 
during this period. 


* 
* * 
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Let : 


1). P = a constant — the weight of 
the whole train (including the locomo- 
tive) in tons; 


2) P’ = a constant — the weight of 
the train of waggons, in tons; 


3) M = a constant = the mass of the 


1000 P 


whole train = , 10 which the 


constant g is the acceleration (9 m. 814 
per second”) due to gravity; 


4) »—= a constant = the coefficient 
of increase of mass M, taking into ac- 
count the inertia of gyration of the re- 
volving masses in the train; 


5) Q = a constant — the value of the 
maximum effort due to the application 
of all the brake shoes on the whole of 
the vehicles braked in the train, express- 
ed in kgr.; 

6) T — a constant — the period of 
time after which this effort is realised, 
such period being measured from the 
start of braking and expressed in se- 
conds; 


7) 7 =a constant = the gradient of 
the section of the line, expressed in mm. 
per metre (+ i standing for up gra- 
dients and — i for falling gradients). 


In addition let : 
1) the variable v = speed of the train 


in m./sec., so that vy — -,—, and therefore 


3.6 
V = 3.67, when V stands for the same 
speed but expressed in km: per hour; 


2) the variable ¢ — time in seconds; 


3) the variable g = the instantaneous 
magnitude of the force applied to the 
brake shoes in any one of the braked 
vehicles, expressed in kgr. and varying 
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from zero to a maximum during the pe- 
riod of charging, namely : 


q, for the first braked vehicle; 
q. for the second braked vehicle; 


q, for the third braked vehicle; 
sO On... 


and 


dm for the m” braked vehicle; 

4) the variable Yq = g, + gq. + 4; 
Sin ae Ee + Gm 
= the i natindanenig magni one during 
the same period, of the total force appli- 
ed by the brake shoes on the whole of 
the braked vehicles, likewise expressed 
in kgr. and varying from zero to the 
maximum of Q poe as already indicated 
above ; 


5) the variable f — the coefficient of 
friction between the brake blocks and the 
tyres of the vehicles having brakes in the 
train; 

6) the variable r — specific (*) re- 
sistance of the train, expressed in kgr. 
per ton weight ‘(see Appendix I); 

1) the variable R = total (*) resi- 
stance of the locomotives hauling the 
train, expressed in kgr. (see Appen- 
dix II). 


Finally let : 


v, = speed of train at commencement 
of braking, speed known and expressed 
in m./sec.; 

v, = speed of train at end of charg- 
ing period, speed to be reckoned and ex- 
pressed in m./sec.; 

L. = distance travelled by the train 
during the same period, distance to be 
reckoned and expressed in m.; 


(*) ie. resistance to running plus resist- 
ance of the air. 


a a. a aa 
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T’ = time elapsed during the second 
period, from commencement of speed v, 
up to stoppage of the train, time to he 
reckoned and expressed in seconds; 

L’ = distance covered by the train 
during the same period, distance to be 
reckoned and expressed in metres; 


so that : 
T + T’ = total braking period; 
L + L’ = distance covered by the train 


Pression dessabohs ~~» 
g 


A Course de piston 100 mun. 
premier wago 
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Due to the kindness of the Swedish 
Brake Cy. S.A.B., we have received dia- 
grams A and B, figure 1, drawn by that 
firm at their testing laboratory at Mal- 
moé, 


These two diagrams (Fig. 1) show, by 
way of example, for the Westinghouse 
brake as supplied for freight trains, the 
speed of operation during the period of 
charging the brake cylinders, from the 
initial application of the brakes until the 


FREIN WESTINGHOUSE 


8. Course de piston 200mm. 
dernier_wagon) 


Temps de remplissage (secondes) ————= 
Bigs 1: 


Explanation of French terms: 


Frein Westinghouse = Westinghouse brake. — A. Course du piston 100 mm. (premier wagon) = 


A. Piston-stroke 100 mm. (first waggon). — B. Course de piston 200 mm. (dernier wagon) = 


B. Piston- 


stroke 200 mm. (last waggon). — Pression des sabots = Pressure of the brake shoes, — Temps de rem- 
plissage (secondes) — Period necessary for charging the brake cylinders (seconds). 


till it comes to rest, that being the figure 
which it is sought to ascertain. 


* 
* * 


Preliminary examination of an analytical 
form of the equation Xq = ‘ (t) 
which will indicate the instantaneous 
magnitude of the total braking force 
applied, namely (Xq) as a function of 
the time (t) covering the period neces- 
sary for charging the brake cylinders. 


maximum pressure is attained, the cur- 
yes-expressing graphically the following 
functions : 

1) gq, =, (t) for one waggon (A) 
at the head of a string of 50 waggons 
with brake cylinders set for a stroke of 
400 mm. (diagram A); 

2) q, = WV, (t) for a waggon (B) at 
the tail of a string af 50 waggons, with 
stroke of piston set to 200 mm. (dia- 
gram B). 


142 BULLETIN OF THE INT. RAtLway Concress ASSOCIATION Marcy 1948 


The conclusions which may be drawn ing of the strokes of the brake cylinders, 
from an examination of these two dia- Actually, owing to the action of the auxi- 
grams may be stated as follows : liary reservoir forming part of the triple 

1) The speed of operation shown in valves on goods trains, the position of the 
diagram waggon A is quite different waggon in the train has scarcely any in- 

—Y_ | O(xy) 


—_—- ——SS- = - — —.- —_. 


pression des sabots §=——== 


1 
! femps de remplissage 
1 
_(secondes) 
€, 2 
Fig. 2. Ix 
Hxeplanation of French terms: 
Pression des sabots = Pressure of the brake shoes. — Temps de remplissage (secondes) = Period 


necessary for charging the brake cylinders (seconds), 


from that indicated in the diagram re- fluence on the rate of application shown 
ferring to waggon B. This difference is by the diagram under consideration. 

not due to the fact that waggon B is at 2) One can thus, by interpolation, trace 
the tail end of the train, but exclusively the rate of operation proper to this dia- 
to the perceptible difference in the sett- gram for any waggon brake on the train, 
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the movement of the brake cylinder pis- 
tons. being taken as adjusted to a given 
value (between 100 and 200 mm.). 

3) The period of propagation required 
by the wave of diminishing pressure in 
the train pipe was 5 seconds for a train 


of 50 waggons, say ath. of a second per 


waggon. 

4) The period required for charging 
the brake cylinders of the waggon A with 
piston stroke set to 100 mm. was prac- 
tically 34 seconds for realising a pressure 
of the brake blocks on the tyres equal to 
95 % of the maximum pressure, and 
about 50 seconds for reaching the maxi- 
mum pressure. These periods amounted 
to 48 and 70 seconds respectively in the 
case of waggon B having piston travel set 


to 200 mm. 


* 
* * 


Using these data, we were able to draw 
the diagram (Fig. 2) having reference, 
for example, to a train consisting of a 
braked locomotive and of 54 waggons, of 
which 9 with brakes fitted were evenly 
distributed over the length of the train, 
at the rate of 1 braked waggon to every 
6 waggons, 5 of which will be without 
brakes. 

As already stated the case for the brak- 
ed locomotive and for each of the 9 wag- 
gons, will be in accordance with the 
« pressure-time » diagram A shown in 
Fig. 1 (stroke of the pistons set to 
100 mm.). 

Under these conditions : 

1) the various « pressure-time » dia- 
grams will be spaced out in time, over 
>< fen second Se socpnd or say ap- 

10 10 sid 
proximately one 4 second. This spacing 
is shown horizontally below the diagram, 
fig. 2. 
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2) The progressive increase of total 
pressure of the brake blocks on the tyres 
of the whole of the braked vehicles com- 
prising the train, extends from the com- 
mencement of braking until the maxi- 
mum pressure is reached, over a period 
of time (T) equal to 50 + (54 x a) 
— 560 + 5.4 = 55.4 seconds, say 55 se- 
conds in round figures. 

‘And this total pressure of the brake 
blocks on the tyres, which rises from 
zero (at the commencement of braking) 
to a maximum value of Q kgr. (reached 
after a period of T seconds) provides, at 
any instant, a pressure of Yq kgr. = & 
times the instantaneous pressures of the 
brake blocks on the total number of 
braked vehicles in the train. 

Hence, the curve Lq — WY (¢) in fig. 2 
represents, in the case under considera- 
tion, the law which we wish to define. 

* 
* ¥* 

There remains the need to attribute 
an analytical law to this curve. It is 
possible, without introducing an appreci- 
able error, to assimilate the curve Yq = 
VY (t), obtained as shown above, to a 
function y” — Kz, the original of the co- 
ordinates (x, y) being taken at the point 
O.x,, 0f the curve Yq — W(t) in which 
Lo 0 (Fig. 2). 

To do this we must change over from 
the system of co-ordinates 2, y to that of 
t, Sq. 

A simple operation of transforming 
co-ordinates allows us to write : 

t = T — y, whence y — T — t 

Xq = Q — «, whence x — Q — XQ 
so that the equation y” — Kz will take 
the form, 


CB panes KO 9) 
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For:t — 0, we have: g = 0, trom 
4 Na 
which T” — KQ and therefore : K — aay 


so that the equation under consideration 
becomes : 


T(Q — & 
Gh diene (Q q) 
Q 
or in other words : 
Q(T == d)" 
Sy ee (hae 7 
1.=—% - 
We then verify that : 
TT 
Fort=—0, 2%q@ =Q — u oe 
4 
Q—Q=0 
T — T)* 
For — 1, aq ee rab 
MW 
Q 0 
eT 
(ie 
=Q 


As regards the value to be given to 
the exponent mn, we can ascertain from 
an examination of the form of the curve 
Yq = W(t) of Fig. 2 that this curve is 
practically half way between a parabola 
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of the second degree and one of the third 
degree. The function y” — Ka will 
therefore lie between y? = K,a and y? = 
Kaz, so that the value of n will lie be- 
tween 2 and 3. In the case of the curve 
under consideration (Fig. 2) it appears 
that the value of mn may be taken to be 
equal in this case to 2.5, for example. 

In a particular case it will suffice to 
trace between the points 0,,, and 0), sq 
a group of parabolas y” — Ka, having 
the values of n lying between 2 and 3, 
and to ascertain, by comparison between 
each of the parabolas and the real curve 
Yq=— W(t), the value of n which comes 
nearest to the true value. 


FIRST PART OF THE OPERATION. 


Calculation of the stopping distance in 
the simple case where. the train, dur- 
ing the whole period of braking, moves 
in a section of the line having a con- 
tinuous gradient (1). 


I. First Periop. 


Braking operation 
during the period necessary for charging 
the brake cylinders. 


A. Examination of the general relation- 
ship between speed, distance travelled 
and time. 


Considered under the most general 
conditions, the problem of examining the 
relations existing between these three 
factors, during the above-mentioned pe- 
riod, presents itself as indicated below : 


We set : 

1. Two time limits ¢ = 0,, and ¢ —0, 
included between extreme limits t — 0 
and ¢,—=sT 

2. The speed v, corresponding to the 
lower time limit ¢ = 0,; 


‘we “~—-, * a 
: -_—- \ 
: : 
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3. The gradient i of that section of the 
line under consideration. 


The object is to find: 


1. The speed v, corresponding to the 
upper time limit t = 0,; 

2. The distance (/) travelled during 
the time interval 0, — 0,. 

* 
% * 

Taking into account the fact that the 
coefficient f is affected not only by the 
speed, but also by duration of braking 
and by the intensity of the specific pres- 
sure of the blocks on the wheel tyres, and 
observing that the pressure varies from 
one waggon to another and from one in- 
stant to another (since during the period 
in question, the pressure q increases 
with the time) the differential equation 
appertaining to the movement, and valid 


between the time limits 0, and 0% 
should read : 
dv 
Snag i } £14: == [242 = fads 


+ fingn-+ rR’ + R + Gh. 
a relationship in which : 
f, =a function of »v, t, q,, with q, 
being a function of t¢ 


fz — 4 function of »v, t, qg,, with q, 
being a function of t 


fm= a function of v, t, gm, with qi 
being a function of ¢ 
so that the above equation becomes so 
complex that a solution cannot be unider- 
taken. 

In order to get over this difficulty, we 
propose the following simplifications in 
the calculations : 

1. That the parameters for the rule f 
= 9(v) which is commonly used, should 
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correspond to a certain degree to mean 
values, which implicitly take into account 
the effect of the duration and of the di- 
versity of the specific pressures, so that 
we can write : 


fd = fds + fede + fe dies 
Under these conditions the differential 
equation (1) can be set out more simply: 


dv 
My — (2) 


dt 
a relationship in which : 
fae PhO)» UQ = E(t) r = @io(0); 
Ra D4) 

2. That the variables, f, r and R can 
likewise be expressed as functions of 
time, so that the foregoing equation (2) 
can finally take the form : 


dv 
= ® (1) | 


—(fXq+trP’+R+ iP. . 


dt 


Under these circumstances let us exa- 
mine the following values of the vari- 
ables f, r and R: 


f, = special value when v = 0, 
fs = special value when »y = v, 
r, = special value when v = 0, 
r, —= special value when v — v, 
R, = special value when vy = 0, 
R, = special value when v = v, 


By accepting the approximation of a 
linear law as a function of time between 
the limits of speeds v, and v, which cor- 
respond respectively to the limits ©, and 
©. we can write : 


fifi (t 20; )o 
=f, + « — «0, 

f= 1, (t ©,)8 
=f — fi + BO, 

Rk = R, (é-— ©, )¥ 


= R, —vi+ 70, 
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expressions in which : R, — R, 
OM A ete Bes Ger 
0, — 0, 
Pe ibe In these conditions, the differential 
— Se 6 equation (2), valid between the limits 
Ac 5: oes es t =@,, and t = 0, may be written : 
dv : 4 , 
My di oat | (fs ae eee a), ) Ziq tial Bo! =f BO,)P 
qa Ry YESS 70, 
Bt | 
Naren ay OU Eee 
or by substituting Xq by the value : Q — ee which was deduced above : 
dv Q(T 2 y)2 
Mi nari tke ae ons «6, |] 0 pa my eer 
+ (r, — Bt + BO,)P’ + (R, — vt + v0,) + P|. 40K: (3) 
* *& 


In this equation however we must 
point out that the angular coefficients «, 
6 and y are unknown since they depend 
on: f;, %, Ry and (om 737%, Ry these 
three last values are themselves unknown 
as they are determined by the speed v, 
which is just what we are trying to find. 

Consequently we have to have recourse 
to a method of calculation by successive 
approximations, as for example : 


1) To seek a first approximate value 
of the speed v, treating, as a first ap- 
proximation, the factors f, r, and R as 
constants and proposing a value, respect- 
ively equal to f,, 7,, R, which will 
amount to momentarily making « — 0, 
6 — 0 and y = 0 in equation (3). The 
value v,’ (approx. value) provided by this 
last allows us to deduce the following : 


» = a— bo 
» = value of r for v — v,’ (Appendix 1) 


R,’ = value of R for v = v,’ (Appendix II) 


from which it follows that : 


wae!) ais 

0. — 0, 
i adele: es pls, 
Oro ean 
ye R, — RB,’ 
" O—% 


by 

2) To introduce the values a’, B’, y’, 
found in this way, in the equation (3), 
which consequently provides us with a 
value more closely approximated to v, 
from which it is possible to deduce va- 
lues #”, 6”, vy”, which are still more clo- 
sely approximated. 


3) To introduce in turn these va- 
lues #”, B”, y”, in the equation (3), thus 
providing a value still more closely ap- 
proximated to v,, and so on. 

In what follows we shall restrict our- 
selves to a second approximation. 


* 
* * 


or 


a © *‘ - -_— Tae 7 
+ r 7 ae | 
‘ a 
 * 
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Let us now proceed with equation (3). This may in turn be written : 


Ma Fp —} 1:0 — HOUT OFF opp) WTO" og 
po te BR OP + Rw 7 O, + Pt 
2O.Q(T—1)"  f,Q(T—1*  oQ(T—a™ 
--| co EP 


WhO tnP +R— «0,0 + 50P + 70, + | 


eter ce ee oe ve 


_ 29,0 7,0 
A= yn —* 
rie 
B= =, 
F C = aQ — BP’ Y 
D= f:Q Fig Fee ie R, -e, «0,Q a BO,P’ male 79, + iP 
we get : 
dv 
Mn — — JA(T — 1)» — BIT — 1)" + Ce + Dt 
whence 
dv 1 " - 
we A — 9) — BT — i) + ce + 0 
ee en t Pa, ae pital) n rare | 
moe MT : pamer, Gone Dt 
ae. eee oe 
or by substituting E — TO00P, : 
ms = BIA(T aes eT ee 2) -- Cr+ Dt 
whence 


dv — — E} A(T — #)"dt — B(T — t)rtdt + Cede + Dat 
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and 


or by substituting : 


Ohie % 


whence 


ieee above eae ) becomes fs 


a ‘ 


— G(T - Saye PHT Stata 


. 


: = H(t — 0,)"41 4 He = net + Di— DO, 
ai dt = v,dt — E e{ G(T — 8, m+ 2at = a(t - — t)n+2at 
RT — in +1dt — F(T — ©,)2 +148 
4 Hedt — H @%dt + Dedt — D O,at 


ja — nce —e, De ae 5 at —G { (T — t)" + 2dt 
| " é fe! Gs 
Peso EF ae — t)e+iae— F(T —0,)2+1 | ae = 
ay Zc. rf J oe: : 0, | : oa 
“ae a & (2: 13)5 ; : P 
ee HY ede — HOT | at. Cee ha 4 
- S. oe 8, 
se fod = fhe 
ik tat = DO, dt = is 
By ) @, 
iit after oe calculations : 
1 = sa Ma G =§,)2 +3 (T —0,)r+3 
aes ae — 0,)"+ Baa 


Ho —eil fe iy ha 


2s [e(T —®, ja ee KT Oe! jaea — HO? — DO,][9, — 6,}{ 


ye FC @,)n+2 


o 


ae It will be well to note in connection with the two general equations (4) ; ind 
Ps 45) thats a oe ne ‘> 29 ee ns 


aQT 20.0, fF. 
nap Teale eee 


opr thr 


J ame G(T =e. ie ttre F(T <m Oi)" This 


} 
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B. Application of the general laws (4) 
and (5) bearing on the determination 
of the speed (v,) characterizing the 
end of the charging, period and on 
the determination of the distance (L) 
travelled during this period. 


First ASSUMPTION. 


We assume that during the whole pe- 
riod (T seconds) of charging the brake 
cylinders, the coefficient of friction f be- 
tween the brake blocks and the tyres 
varies as a function of the speed, in ac- 
cordance with a single linear law f = 
a — by from speed v, = Vv, (commence- 
ment of braking) down to speed v2e—V,, 
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1) Calculation as a first approxima- 
tion of the speed v, = V,,. 

Let us designate by v’, the value of v,, 
obtained as a first approximation, by 
putting « — 0, 6 = 0, ¥ = 0, ie. by 
considering for the moment and as a 
first approximation, the factors /, r and 
R as constants and applying to them va- 
Iues equal to those of f,, r,, R, which 
correspond to the commencement of 
braking. 

If then, under these conditions, we in- 
troduce into the relationship (4) the 
values : 


: ; O,=Tirn—r, —¢(r,) B= 0 
(end of charging period). 1) lh Ce es tgs 
On this assumption : a a 
~ = fx = & = Jv, at commence- 50 that 
ment of braking. f.Q 
r, = 7, =(v,) at commencement of Tat T 
braking. Bes 
R, = R, = #(v, ) at commencement of Gas, 
braking. 7.02 r,P eR + SP 
f. = fs = a — buy at end of charg- g 
ing period. ba 1000 Px, 
f,—=Tn=(vs) at end of charging G 0 
period. ies 
er Patient fcharg- the said relationship (4) giving us after 
ing period. ie = Saher: 
carrying out the necessary calculations : 
Si oe OL ae | fa Q. Q +r,.P + Ra + iP 
1000 Py ln +4 } 
from this we are able to deduce the approximate values of: f, = fs, r, = rs 
and R, — Ra, namely : ' 
| fey 0 b's o-fb—t 
Tis 5 
tr =T=o (0's) whence B= T 
Rx - Rs 
R, = R, — ® ( n) ¥ 
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2) Calculation as a second approximation of the speed Vue 


In introducing the following values in the relationship (4) : 


6>=0 |) 7, =f. —4 — dv, ye fe*— fa 

@,—T | f.— fe —4— bo T 

Vii a eine Shae ==) (Di) go 26 Ss 

Vv, = We | ry = Ta = © (Un) i ; 
Rh = Rie S20 (69) ried R,—R, | 
R, = Re = © (t's) ah 


with the result that : 


feet ia ee ee 
i” | n +4 
Bee: | eee Ae 
|” (n + 1)T2—1 (n -+ 1)T* 
C = aQ a 2 BP’ ny C eo B Aa aQ) 
D = f.Q + 7.P’ + RR. + iP n+ 2 (n + 1)T* 
1000 Py 2 2 


' the said relationship (4) provides us, after carrying out the necessary calcula- 
tions, with the equation : 


gT nf .Q 
1000 Px {2(n + 2) 


a Mr Sse 
2(n + 1)(n + 2) 


+ 3(ra + re)P’ + 4(Ri + Ro) + aP 


3) Calculation of the distance L travelled during the period of charging the 
brake cylinders. 


Vv, = Vs — 


The relationship (equation 5), by introducing the same values for 0,, 0,, v,, 
a, B, vy, A, B, C, D, E, F, G, H, as also the values ] = L and J =@T2+2 — 
FT" +1, and after the necessary calculations, gives us : 


gT? nf Q a n(n + 5)fsQ 
1000 Px} 3(n + 38) * 6(n + 9)(n + 3) 


+ iP’ + ite ee a eee 


L = 4T — 


ee 
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SECOND ASSUMPTION. 


Let us now suppose that in the course 
of the charging period the coefficient of 
friction { of the brake-shoes against the 
tyres varies, as a function of the speed 
and in accordance with a hyperbolic law 
capable of being split up into two linear 
laws, such that the speed of transition 
(v,) lies between the speeds v, ond V,. 


In each case, we shall have to consider 
two successive phases, i. 


— A first phase, governed by the. li- 
near law f = a, — b,v from the speed 
v,, which characterizes the commence- 
ment of braking, up to the transition 
speed v, which is determined by the re- 
lationship : a, — b,v, = a, — 5,0. 


— A second phase is governed by the 
second linear law f — a, — b,v, from 
the transition speed v, up to the speed v,, 
which characterizes the termination of 
the charging period. 


In the calculations which follow, let : 


fo = value of the coefficient f corres- 
ponding to the speed of transition (v,); 


r, = the specific resistance of the train 
of vehicles corresponding to this speed; 


R, = the total resistance of the locomo- 
tives corresponding to this same speed. 


First phase. 
f, = fa= a, — b,v, at the commen- 
cement of braking. 


rT, =T,=F(v.) at the commence- 


ment of braking. 


R, = Riu = (v,) at the commence- 
ment of braking. 


2 
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fe = fo = a, — 5,0) = a, — 5,0, at 
the speed of transition v,. 


r,—=T, = ?(v,) at the speed of 
transition v,. 
R, = R, = ®(v,) at the speed of 


transition v,. 


1) Calculation, as a first approxima- 
tion of the time t,, elapsed between the 
commencement of braking and the in- 
stant when the specified speed of transi- 
tion (V,) has been reached. 


Let ¢,’ be the value of ¢,, obtained as 
a first approximation by putting « — 0, 
B = 0, y = 0. Thereafter, if we intro- 
duce into equation (4) the values : 


On 0. = f.— 4, — 0.) « = 0 
O, = t/ |r, = r= (0,4) 6 — 0 
v, =v, | R, — Ri = O(,) y-== t} 
Vo Vo 
so that 

| FQ 

A= 

4 
= 0 


DS 110s Pee Re ip 


aa 1600 Pn 

1) SIS See 2 aa 
n+ 1 (n + 1)T" 

G=0 

H == 0 
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the said equation (4) reads : 
| ee ee jr(r _2/)n +4 — Pret 4 Dey 
— 1 — ER(T — ¢/)2 +1 4 EFT? +1 — EDi/ 
By putting T — ¢,/ — X so that t,, — T — X, we get: 


0p = V1, — EFX"® +1 4 EFT" +1 — ED(T — X) 


Or ; 

v, = 0, — EFX2+1 4 EFT? +1— EDT + EDX 
Or > : 

EFX2 +1 — BDX — EFT" +14 EDT —o, +0, =0 
OF ? 


EFX" + 1 — EDX — EFT2 +1 + EDT (Us toh — 0 
an equation of the form of . 
axe+l1+ bX +¢=—0 
the graphic solution of which gives us the value of X and consequently, t,’ = 
T — X, the parameters a, b and c working out to: 


a — EF 
b = — ED 
ec = — EFT" +1 + EDT — (vu — »,) 


using the values of A, D, E, F, indicated above. 


Having thus determined ¢,’ in a first approximation, we find that : 


Ree any Goon Ee 
1 Pe 

near. 
omar 

Reh 

Y= aay o 
nt 


2) Determination_of t, in a second approximation. 

If in equation (4) we now introduce the values ©, = 0, O2 = t,, 0, = 04, 
v, — v, and likewise that « = 4,, 8 — 6, and y = ¥,, this equation gives us a 
second approximation : 

i eee B | Gre +2 G(T — 42 +2 4 F(T — 4)2+1 — Pratt 
+ He + De, | 

Putting T — t, = ¢, so that t, — T —t,; we get after necessary calculations: 

EG +? -— EF?’ — He2:-+ (QHT + D)t,-+ BGT? +2 4+ EFT“ +1 — AP 
— DT (0, S09) =o 
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which equation is in the form of 


Bie be pie ede dh sie ok 0 


which when solved graphically, gives us the value of t, and in consequence t, = 
T — ¢,, the parameters a, b, c, d, e, having the values : 


a— EG 


b 

(Si 

d — WT + D 

e — ECT" +2 4 EFT"+1 — HT? — DT — (vn. — »,) 


with the following values : 


Q 


i are So 


[Tn 
Ras 
T 
C = a,Q a B,P’ a 
D=f.0 +r. +R. + iP 


g 
Ne 1000 P17 
mex tel sos a,Q ¥ f.Q 
n+ 4 (tt 1) Tet (n + 1)T* 
Peat hoe 
n+ 2 (n + 2)T" 
hae <. us a0 he 


3) Calculation of the distance 1, travelled in the time t,. 


If finally, we introduce into the equation (5), the values 90, — 0,0, = 4, 
Y, = Vx, as well as the value J] = 1,, this equation gives us : 


= +8 +3 +2 ae Red 
git —— BE I Rane GT" Te Fe Deo ) 


n-+3 Seuice 3 7a 2 ae 3 
H D 


with the values of A, B, C, D, E, F, G, H, equal to those accepted under 2) above 
and with J = GT" +? — FT? +1, 
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Second phase. 


f. = fo = a, — b,v, = a, — b,v, at the transition speed of 2. 
r, =7T, = % (¥,) at the transition speed of v,. 
R, = R, = © (v,) at the transition speed of v,. 


fo = fs» = a, — b,v» at the end of the period (speed 4). 
r, =n = (vs) at the end of the period (speed vs). 
R, = Re = ® (vz) at the end of the period (speed vz). 


1) Calculation by a first approximation of the speed Vy. 


Let v’, stand for the value of v, obtained by a first approximation with « 


Under these conditions, if we introduce in equation (4) the following values : 


= 0.8 = 0) y= 0. 
0, — 41, f. = fo 
0, = T r i 
T 0,=—T Lis lige 
il 0, —T = 0 
est, 
Vv, == Us 
so that : 
foQ 
A= — T™ 
B= 0 
Gu 
D=/f,Q4 Tabi Ny ee ae 
g 
1000 Py 
sea BA Noe f,Q 
ie ee ae (n + 1)T 
G= 0 
H — 0 


| 


= a, — bv, 


| 
oo o& 


a 
B 
ft 


then equation (4) gives us : 


va, = Be es Ss Te 
9, — Els Bin 12 ee 
ivy SBS Re A ee 


gan UG eas Et, |— Ft,” sie D{ 


with values of D, E, and F as taken 


above. 


From these we can deduce the approxi- 


mate values of f, = fn, 7, —= fe an 
R, = Re, ie. : Us 
ho Tee ts 
| a =e ara 
T) — Te 
whence (6, = —2 ; : 
v a RG GED Ra 
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2) Calculation, by second approximation, of speed V,,. 


If in the same equation (4) we now insert the values : 


6, =—t, fh, = fo = & — 5,2, Veit dst cet vars. tou 
6,—T 5 ai ] ts 
Rey ai emer Ue og ry te. 
MeO. T T= 0 ae es ee i t, 
| Migr Pe ee Po 8a) R, — R 
=f 0 B 
Y= % | R, = By = O(0,) Sa ee ae 
ea Rg Re (0) ‘ 
so that 


B 
C = «,Q — B,P’ — y, 


D= fQ i oP? ae R, iz a,t,Q =P Patek” sy Vol, 4). 
a9 g 
om. 1000 Pn 
er OO o,f 
— n+4 (M1 TE Pen 4)" (n + 1)T 
ee i 
Paw 4 2 ~ (no) Ts 
Cc «,Q — 8,P’ — y, 
sa ee 9 


we thus have : 
ee een cis Bip SE AT? — Hi? + DT, — De, 

Pepeereu Ge = We ce WT + 4)(T — ¢,) + D(T — t,)4 
ene Cin’ a Fie wk HE (To ,)¢, + Dt, } 
Peewee ye eT ET —-t,)t, + Dt, | 

ee = ee Ho =~. nt, + De, | 

meen ay oy ra Ont, — Hts + Dt, } 

eee ye Se ras + (QHT + Dye, | 

meee Gao Fie Ae,’ + ORT + D} 


with the rea of D, i, F, G, ‘Gnat 
H, as taken above. 


3) Calculation of the distance l, tra 


velled in the time ty. : 


If therefore in the equation (5) we 
now introduce the values 0, = t,, 0, = 
hc Bae t., T — 0, = 0, 0, — 0, 

= -— 4, = hand 0,/<=) uel ie 
same way as ] = tay U the said equation (5) 
gives us: 


n+3 Ll ae 
l, = vf, — E meee + Fin 
pa na3)" p29 


G(T 


during the given time T will be equal 


a 


with the values of D, E, H, F, ae 
taken for sub. 2) above, and r : 
LJP +t? to) Poe 
— Hi? — Dt,. ; Jean 

In conclusion, the distance travelled 
by the train in course of the first period, 


3 4 
(To be continued.) } oat 
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An evaluation of railroad motive power. 


Four fundamentals of the economic value and utility of the motive- 


power types. — 


Characteristics of steam, Diesel-electric, and electric 


locomotives. — Prospective types, 
by P. W. KIEFER, 


Chief Engineer Motive Power and Rolling Stock, New York Central System. 
(Railway Age, 23 and 30 August 1947.) 


PAR I. 


This discussion of the fundamentals of 
the selection and use of railway motive 
power is developed largely from studies 
conducted and results obtained by the 
New York Central System, particularly 
those of the past decade, and our rela- 
tively near-term plans and objectives for 
the future evolution of road-service mo- 
tive power. We shall dispense with sta- 
tistical comparisons of detailed operat- 
ing and cost data from other sources be- 
cause, unless all essential information is 
available and included for strictly com- 
parable conditions, the results may be 
confusing and misleading. Recourse to 
the use of assumed conditions is of little 
avail in reaching reliable conclusions. 


Fundamentals of the problem. 


From present experience, it appears 
logical that judgment of the possible 
economic value, utility, and attractive- 
ness of new forms of motive power, 
either now in use or under development, 
may best be predicated on four basic 
considerations. 

It should be understood that these 
four fundamentals are not here set forth 
in absolute order of importance because, 
while not inseparable, they are closely 
related and, to a greater or lesser extent, 
the influence of one may affect the value 
of one or more of the others. 


Availability and utilization. — Avail- 
ability is here defined as the percentage 
of total time that a locomotive is avail- 
able for service; utilization represents 
the percentage of total time it is actually 
in operation and is dependent in large 
part on the arrangement of schedules. 
As herein applied, availability means 
also continuity of operation on the road 
in terms of reduced delays chargeable to 
the locomotive and the resulting possi- 
bilities of progressively shortening sche- 
dules without incurring the high and 
burdensome expenditures necessary for 
the improvement of trackage installa- 
tions, including signals and related facil- 
ities, to permit increases in permissible 
operating speeds. Improved rights-of- 
way and operating practices are essen- 
tial, but the final results depend also on 
the locomotive’s ability to support the 
more intensive utilization demands. 


The term availability does not here 
mean the percentage of time available 
for a given assigned or selected run 
which daily may require only a portion 
of each twenty-four-hour period, with 
ample time remaining for necessary cur- 
rent maintenance attention. This is ac- 
cented because not infrequently claims 
for availability up to 100 per cent are 
predicated on such operations. 


Constantly increasing availability of 
motive power, with opportunity of cor- 
respondingly improved utilization, is an 
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absolute necessity to keep traffic on the 
rails in the face of the ever-mounting 
competition of other forms of transport- 
ation, usually subsidized, and to build 
up such traffic. This trend and need 
cannot be interrupted and must be faced 
resolutely and realistically. 


Costs of ownership and use. — It is a 
self-evident fact that, under the incen- 
tive system of free enterprise, costs 
which prevent a fair return on the in- 
vestment are destructive and self-defeat- 
ing. Obviously, this fundamental re- 
quires careful attention. 

Engineering and technological prog- 
ress alone is not enough. Without sound 
economic and social enlightenment and 
a revival of the age-old truth that « some- 
thing for nothing» cannot be obtained, 
the potential and productive results of 
such igains can quickly be nullified and 
the intended purposes defeated. This is 
a challenge principally to statesmanship, 
labor leadership, and business to for- 
mulate, adopt, and carry out policies 
known from the lessons of history to be 
necessary for the continuation of human 
progress. If the net earnings of the rail- 
roads or other legitimate undertakings 
are destroyed or unduly restricted, the 
advantages of engineering and related 
accomplishments, which otherwise 
would be made available to all, will be 
definitely limited or completely elimi- 
nated. 


Capacity for work. — A motive-power 
unit must possess a reasonable margin of 
capacity over that necessary to perform 
the appointed task if such a unit is to 
contribute to the betterment of rail 
transportation. To-day, rapid accelera- 
tion from rest or back to permissible 
running speed following slow-downs is 
a much-desired characteristic in addi- 
tion to the established capacity of the 
machine for straightaway running. 


Performance efficiency. — Perform- 
ance efficiency is an important econo- 
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mic consideration. With other essential 
requirements fulfilled, there is no ques- 
tion but that a major improvement with 
respect to motive-power fuel economy 
would be of far-reaching importance 1o 
the railroads and to the country. 


Steam locomotive development. 


To avoid an undesired digression, in 
describing briefly the characteristics of 
the. more important kinds of motive 
power, the questions of improved appur- 
tenances and details of design, materials, 
and contribution, which contribute to 
the success of the complete locomotive, 
have been excluded. 


Over the years it has been our unceas- 
ing determination and practice to ad- 
vance the design of the reciprocating 
steam locomotive, not only to achieve 
progressively better results therewith, 
but also to enforce constantly higher 
standards for new and competing forms 
of motive power which, in turn, has ac- 
celerated the development and improve- 
ment of reciprocating steam. As a self- 
contained power plant, it provides 
horsepower at the lowest initial cost of 
any type of locomotive now used or 
under consideration. Much should be 
done, however, to increase its usefulness 
by providing greater freedom from failu- 
res and detentions en route and reduc- 
ing time now used for maintenance, 
servicing, and inspection. Otherwise, it 
may not be able to.compete on its merits 
with other forms of motive power and 
will be faced with a restricted use and 
market. 


With these major objectives constantly 
in view, it has been our endeavour for 
succeeding reciprocating steam designs 
steadily to decrease weight per horse- 
power developed and to increase the 
steam-generating plant and drawbarpull 
capacities and overall thermal efficien- 
cies. The mechanical efficiencies have 
also been increased through the applica- 
tion of roller bearings and by other 
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means. Improved distribution of wheel 
loads and progressively bettered coun- 
ter-balancing for reduction in the effects 
on rail and roadbed under high-speed 
operation also have been sought. Long 
experience has shown that this practice 
is of great assistance in the maintenance 
of rail line and surface for good train- 
riding qualities, even though the road- 
bed and track structure used has been 
second to none. 

As an illustration of the fact that with 
good designing the effects of reciprocat- 
ing overbalance can be well controlled, 
it may be said that in 1938 a series of 
slipping tests were conducted on the 
New York Central over a short stretch 
of main-line track with 127-lb. rail sec- 
tion on rock ballast. Test runs were 
made at train speeds varying from 61 to 
82 m.p.h. and with maximum slipping 
speeds of 123 to 164 m.p.h. while work- 
ing steam. Im the tests at the lower 
speeds no wheel lifting occurred, but in 
the final run at a revolving speed of 
164 m.p.h. the main drivers only lifted 
slightly, and later examination disclosed 
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a number of very slight markings on the 
rails which, however, were’ without 
significance and had no effect on the 
rails or track structure requiring atten- 
tion by maintenance forces. No damage 
to the locomotive occurred in any of 
these tests. 

At the same time, in the advancement 
of reciprocating steam, tender design 
and capacity have gone forward apace 
for the lengthening of runs between fuel- 
ings and the taking of other supplies. 
The use of one-piece cast-steel locomo- 
tive frames with integral cylinders, cast- 
steel trucks — leading, trailing, and ten- 
der — and integral cast-steel tender fra- 
mes, the latter installations being of 
water-bottom design, for definitely re- 
duced maintenance attention, shopping 
time, and some weight saving, has been 
in effect for years on all system steam 
locomotives built and more recently for 
the trucks of switch and road Diesels. 
The underframes and trucks on electric 
locomotives also have been of this de- 
sign. 
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These various features and practices 
have led to higher availability and serv- 
iceability with corresponding increases 
in miles run per year and mileages be- 
tween classified repairs. 

As a condensed and convenient means 
of illustrating the evolution of recipro- 
cating steam power on the New York 
Central System during the past two de- 
cades, Table I and Fig. 1 are presented. 
Table I reveals the progressive increase 
in capacity and size as necessitated by 
the demands for higher speeds and hea- 
vier trains, and the concurrent reduc- 


tion in engine weight per indicated 
horsepower, which has been over 30 per 
cent in the period. Fig. 1 shows the coin- 
cident growth of drawbar pull and 
horsepower of over 100 per cent and the 
ascending speeds at which maximum 
capacities have been attained. 


N. Y. C. Class S-1 4-8-4 type. 


The culmination of this work to date 
is represented by the Niagara 4-8-4 


type (*). A basic principle in this de- 
velopment was the incorporation of ca- 
pacity in excess of that required for 
current work to be performed in order 
to obtain the greatest possible continuity 
of operation, reduced time and expense 
for maintenance, and possible shorten- 
ing of schedules. That this principle 
was correct has already been demon- 
strated by the performance obtained 
since the engines were placed in regular 
service beginning in October, 1945. 
Boiler maintenance as compared with 
other types of high-speed design has 
been almost negligible up to the present 
time. The first engine shopped for 
classified repairs after running approxi- 
mately 255000 miles required practi- 
cally no such work except tube removal. 


Mileage between: tire turnings has 
averaged about 190000 with individual 
engines running as high as 235 000 miles 
compared with about 100 000 miles here- 
tofore. This high mileage is attributed 
to the high factor of adhesion and the 
consequent absence of slipping, together 
with the design of spring equalization 
system which uses coil springs at the 
connection with the frames, the lower 
initial resistance in trucks, and the use 
of lateral-motion devices on front and 
intermediate driving axles, all of which 
increase the flexibility of the driving 
machinery and permit automatic adjust- 
ment against variations due to cumula- 
tive wear. 

While of an entirely new design, the 
conventional fire-tube boiler has been 
retained, but elimination of the steam 
dome permitted increased barrel dia- 
meter with corresponding increase in 
furnace volume and gas. areas. Shell 
courses are made of carbon-silicon steel 
to save weight. The present working 
pressure is 275 lbs. per sq. in., but the 
boiler is designed at a minimum factor 


(*) Described on page 480 of the Septem- 
ber 22nd, 1945, Railway Age. 
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of safety of 4.5 with 290 lbs. per sq. in. 
pressure, whereas the minimum factor 
under Interstate Commerce Commission 
regulations is 4.00. 

The front-end arrangement, similar to 
that on all modern system power, was 
proportioned from principles developed 
in a comprehensive series of stationary 
boiler tests of a kind first undertaken on 
Class J-1 locomotives in 1937. With the 
proper relation of exhaust nozzle and 
stack and the other essential features 
and dimensions established, this arran- 
gement results in increasing the flow of 
the gases with no corresponding in- 
crease in the quantity of steam, and ef- 
fects a reduction in back pressure which 
is reflected in increased cylinder horse- 
power and overall thermal efficiency. 
Another advantage is that no change in 
stack dimensions or reduction in ex- 
haust-nozzle diameter is necessary for 
winter operation. 


Advanced rod design. 


While all power developed is deliver- 
ed through a single pair of main crank 
pins, the bending strains on these pins 
are reduced about 50 per cent as com- 
pared with the conventional drive by 
means of an advance design of roller- 
bearing rod in which the piston thrust 
is transmitted in a straight line through 
the main, intermediate, and rear side 
rods. With the conventional rod arran- 
gement, it would not have been practic- 
able or prudent to attempt delivering the 
high horsepower of this locomotive 
through one pair of main crank pins. 

Lightened alloy-steel revolving and re- 
ciprocating parts have been used with 
cross-counterbalance to reduce dynamic 
augment and resulting stresses in rail 
and roadbed. The reciprocating parts 
weigh 1649 lbs. per side and 22.4 per 
cent are balanced. 

Through the use of a new design four- 
wheel trailing truck, the ash hopper is 
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enlarged to the extent of providing one 
cubic foot of volume for each square 
foot of grate area, which is the largest 
ratio thus far obtained in system loco- 
motives. 

Driving wheels are 79 in. in diameter, 
but the frame is arranged so that wheels 
ranging in diameter from 79 in. to 75 in. 
may be used, depending on future re- 
quirements for passenger or freight serv- 
ice. One-piece integral cast-steel frames 
and cylinders with cast-steel trucks and 
the integral cast-steel water-bottom ten- 
der frame previously developed and 
used on other modern power were ap- 
plied to these engines. ; 

An open-type feedwater heater and an 
extra large superheater are installed, 
both contributing to the overall steam 
generating capacity and efficiency. 

To save weight, aluminium is used for 
cabs and running boards. Axles are 
made of carbon-vanadium steel and 
crank pins of Timken High-Dynamic 
steel, while main and side rods are man- 
ganese vanadium. 

Shields were applied at the smokebox 
sides to neutralize the vacuum effects 
ahead of the cab, and, due to the arran- 
gement of deck and seat boxes, the 
degree of visibility from the cab is supe- 
rior to that of other modern system loco- 
motives having fully satisfactory condi- 
tions, regardless of the large diameter 
shell courses. 

Cast-steel pilots and drop couplers, 
first applied in 1927 to the J-1 class 
4-6-4 type and since continued on all 
modern passenger power for increased 
safety of movement, were used also on 
these Niagara type engines. 

For increased availability and con- 
tinuity of operation, an extra large ca- 
pacity tender of bed type design, now 
also installed back of the 50 Class J-3 
and 15 Class J-1 Hudson type engines, 
carrying 46 tons of coal and 18 000 gal. 
of water, was provided, the water capa- 
city being ample when scooping from 
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track pans. The running gear forming 
a part of this tender design originated 
on the Union Pacific but was introduced 
for the first time on our system as a part 
of the S-1 development to permit the use 
of the 4-8-4 wheel arrangement for the 
locomotive, necessary for high power 
capacity without exceeding a total wheel 
base which would allow convenient 
turning on the 100-ft. tables still in use 
at several of the important main-line 
terminal points. Meanwhile, alternate 
designs of swivel-truck-equipped’ ten- 
ders, to accomplish the same purpose, 
are now being developed for possible 
future use. 

A specially important feature of these 
tenders, worked out and perfected on 
our system, is the tank venting arrange- 
ment which allows scooping water at 
maximum operating speeds and is so 
designed as to protect from breakage the 
windows of trains passing on track pans 
in the opposite direction and at the 
same time prevent harmful effects to the 
track ballast due to overflow. 

Capacity tests with 79- and 75-in. 
driving wheels have been made, from 
which the horsepower characteristics 
shown in the tables and charts have 
been derived. These tests were con- 
ducted under regular road conditions 
of operation and indicate what can be 
obtained daily in actual service. 


One S-1 with poppet valves. 


When the New York Central S-1 engines 
were ordered, it was decided to equip 
the last one of the lot with the Frank- 
lin poppet-valve arrangement having 
four intake valves 64 in. in diameter and 
six exhaust valves 6 in. in diameter per 
cylinder. With this single exception, 
the engine is identical with the others, 
all of which have large-size piston val- 
ves actuated by modern valve gear. 

Thus, a means for making an exact 
comparison of capacity, acceleration, 
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and performance for these two kinds of 
steam distribution was made available, 
and comprehensive road tests with a 
dynamometer car are now being con- 
ducted with the poppet-valve engines 
which, with the tests already made of 
the piston-valve-equipped .S-1, will give 
this exact information. So far as is 
known, this will be the first such 
comparison made in the United States 
con modern high-powered locomotives. 
When worked up and analyzed later 
during the present year, the data should 
provide a basis for definite conclusions. 


Other coal-fired locomotives. 


In the constant search for better mo- 
tive power the. railroads of the United 
States have not been content to confine 
their endeavours and anticipations to 
the reciprocating steam or the present 
oil-burning Diesel-electric. The advan- 
tages stemming from the continued 
large-scale use of bituminous coal as a 
basic motive-power fuel in the United 
States are numerous and far-reaching, 
and for the retention and expansion of 
these benefits several important steps al- 
ready have been taken and plans for 
new designs of motive power are under 
development, such as the Pennsylvania 
stoker-fired non-condensing steam tur- 
bine having mechanical transmission; 
the three highpowered  electric-drive 
steam-turbine passenger locomotives 
having a conventional fire-tube stoker- 
fired boiler now being delivered to the 
Chesapeake & Ohio, and the gas-turbine- 
electric using bituminous coal as the 
basic fuel, two of which are now under 
development for a group of eastern roads. 


Electric locomotives have many ad- 
vantages. The power being supplied 
from an outside source provides capac- 
ity to the limit of adhesion for short 
periods, and the characteristics of de- 
sign permit maximum utilization with 
more rapid acceleration and better and 
more reliable overall performance than 
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Jamodasioy, aeahe 000" 


SS a 
CCC 
Eo 


Wf | 


47 000'I -1iINd uoamoia 


Speed- Miles Per Hour 


Working press, 


Dia drivers, 


Loco. 


Maximum I.HP. 


lb. per sq. in. 


m. 


Class 


6900 at 85 m.p.h. 
6600 at 85 m.p.h. 
5400 at 76 m.p.h. 
5200 at 72 m.p.h. 


4700 at 77 m.p.h. 


79 
79 
72 
69 
79 
iz 


S-1. 


275 
250 
250 
275 
2 


S-1. 


L-4. 


L-3 . 


J-3 . 


3900 at 66 m.p.h. 
3000 at 54 m.p.h. 


25 


a 


J-1. 


200 


79 


K-5 


— Power and traction characteristics of reciprocating steam locomotives. 


Fig. 1. 
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TABLE I. — Summary of principal. charac | 


Class 


Railroad 

Type 

Service . : 

Year first built . 

Year last built 1 : 

Cylinders, number, diewnster: ae froites 
ines 

Valves: 


Type . Ie Se nya 
Number and diameter, in. . 


Steam pressure, lb, per sq. in. . 
Driving wheels, diameter, in. . 
Tractive force, starting, lb. . 


Weights in working order, |b. 
On drivers . 
Total engine 
Tender (fully borect 
Factor of adhesion . 
Grate area, sq ft. 


Tender capacity : 
Coal, tons 
Water, gal. . 


Maximum cylinder H.P. ah d speed (m. p. hy) 
at which attained. . 


Maximum drawbar H.P. and d seeet oe P. h. ) 
at which attained. . 


Engine weight, lb. : 
Per cylinder H.P. . 


Per drawbar HLP.. 
Piston thrust, max. lb. 


Effective ore thrust load on main ee 
pin, F : 


Wheel base, engine Me nee. tt. -in. . 


* Intake 


** Eoehaust. 


K-5 
INS Yous 
4-6-2 
Pass. 
1924 
1926 


2-25x28 
Piston 
2-14 


200 
79 
37 650 


187 100 
308 000 
282 500 
4,97 
67.8 


20 
15 000 


3 000-54 


2 500-45 


103 
123 
98 200 


98 200 
80-23 


J-1 


IN by = Sep LC 
4-6-4 
Pass. 

1927 
1931 


2-25x28 


Piston 
2-14 


110 400 


110 400 
83-73 


J-3 


INE Ys. C. 
4-6-4 
Pass. 

1937 
1938 


2-224x29 


Piston 
2-14 


275 
79 
43 440 


201 500 
360 000 
314 300 


109 300 
83-73 


1940 
1942. 


2-253x3' 


Piston 
2-14 


250 
69 

60 100 
. 


a — 


262 000 
388 500 
374 200 
4 

75 

' 

43 

15 500 


5 200-72 


4100-55 
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iprocating type locomotives. 
L-4 S-1 S-1 $-1 S-2 
» Gait} Ne YaiG: INE YE TOs ING Yon IN e's, KOX 
[-3-2 4-8-4 4-8-4 4-8-4 4-8-4 
rt. ‘Pass. or frt. Passe oreirt. ReeR, Gre gage, Pass. or frt. 
1942 "1945 1945 1945 1946 
1943 1946 1946 1946 1946 
26x30 2-252x32 2-254x32 2-253x32 2-252x32 
‘iston Piston Piston Piston Poppet 
2-14 2-14 2-14 2-14 8-62* 
12-6** 
250 2715 290 275 275 
72 79 79 75 73 
59 850 61570 64 930 64 850 61570 
265 800 275 000 275 000 275 000 275 000 
397 300 471 000 471 000 471 000 485 000 
379 700 420 000 420 000 420 000 406 700 
4.44 447 4.24 4.24 447 
75.3 101.0 101.0 101.0 101.0 
42 46 46 46 AT 
15 200 18 000 18 000 18 000 16 000 
100-76 6 600-85 6 900-85 6 600-77 Not yet 
determined 
300-60 5 050-63 5 300-62 5 200-61 Not yet 
determined 
74 71 68 {fut Not yet 
determined 
93 93 89 91 Not yet 
determined 
132 700 140 000 148 000 140 000 140 000 
132 700 70 000 74 000 70 000 70 000 
14 97-24 97-23 97-24 97-24 
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can be obtained with either steam or 
Diesel-electric. ‘Length and weight per 
horsepower of the locomotive itself are 
less than for any other type of modern 
motive power used and cost approxi- 
mates that of the modern reciprocating 
steam for equivalent continuous output 
rating. 

Maintenance outlays are lower and, 
because less labor is required, future 
costs should not expand as rapidly as 
for the other forms of motive power 
owing to further possible increases in 
unit labor and material rates and prices. 
Charges for power should not increase 
in the future to the same extent as those 
derived directly from either coal or fuel 
oil, and rates may become less due to 
bettered efficiency in generation more 
than offsetting possible growth in other 
related expenses. 


Because it is a converter of energy 
and not a prime mover, output is not 
appreciably affected by mechanical con- 
dition nor by manual handling. Run- 
ning times may more readily be main- 
tained because of the surplus power 
normally available, which, in turn, pro- 
vides ability to handle heavier trains 
and a greater volume of traffic than can 
be done with locomotives whose outputs 
are confined to the capacities of their 
self-contained power plants. Faster ac- 
celeration reduces traffic congestion 
more quickly. 

The possibility of the electric power 
supply causing delay and engine failures 
on the road is relatively remote, due to 
the size and capacity of transmission 
lines and the arrangement of sub-stations 
and feeders used. , 


Among the disadvantages of electric 
motive power are inflexibility and the 
higher first cost and fixed charges for 
plant and equipment necessary to gen- 
erate and déliver this form of energy 
to the locomotive. With steam or Die- 
sel-electric operation, it is practicable 
to make use of alternate routes for de- 
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touring trains, while the electric is 
confined to its own tracks, but because 
of the limited number of occasions that 
such detouring has been necessary, this 
is not considered very serious. 

Although restrictions in the use of 
coal-burning steam imposed by munici- 
palities have in some cases resulted in 
the establishment of electric operation 
for relatively short distances, which, for 
the most part, are uneconomical, first 
cost and resulting fixed charges are the 
limiting factors for any contemplated 
electrification of consequence and, un- 
less the density of traffic or other condi- 
tions such as line topography are such 
that an overall return on the investment 
can be obtained, such operation is not 
justified. 


Diesel electric locomotives. 


To obtain a direct comparison of the 
performance of Diesel vs. the best avail- 
able steam power in road freight move- 
ments, a comprehensive program of test 
operations was prepared which provid- 
ed for typical trains and schedules on 
various divisions. and included the 
handling of both tonnage and _ fast 
freight over some of the heaviest grades 
on the New York Central System. 


Train tonnages were predetermined 
by the use of actual drawbar pull — 
speed curves for the classes of power 
involved and the profiles of the terri- 
tory, and all locomotives were operated 
at capacity or as closely thereto as was 
practicable or required under regular 
conditions of train movements. - Equi- 
valent tonnage and number of cars were 
used with both types, although differing 
on the several divisions because of vary- 
ing characteristics with respect to gra- 
des, speeds, train loading, and related 
conditions. 


These tests were carried out in the 
fall of 1944 and in the spring of 1945 
under direct supervision of Equipment 


a 


. 
| 
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Engineering Department representatives, 
and evaluation of the results revealed, 
among other basic conclusions, that a 
three-unit Diesel of 4500 B.H.P. would 
handle the scheduled symbol] main-line 
trains over our profile equally as well as 
the four-unit 5400 B.H.P. or the latest 
modern freight steam locomotive of the 
same power rating as the latter. 

In handling main-line passenger trains, 
the Diesels have shown a high degree of 
availability and utilization. For the 
entire year 1946, the average monthly 
mileage each for the six double units 
operated was 29021. As more locomo- 
tives are introduced and their use is 
extended to trains of lesser importance 
and shorter runs, the availability and 
the utilization as expressed in miles per 
month will, of necessity, decrease some- 
what, but it is believed that a consider- 
ably greater number can be justified, de- 
pending on volume of traffic and cha- 
racter of trains operated. 

While the Diesels are definitely estab- 
lished in the motive-power field ‘and 
possess certain important inherent ad- 
vantages over modern steam, much still 
remains to be done if they are to con- 
tinue to meet successfully competition 
with other forms of motive power. 

First cost, weight per horsepower, 
number of units for a given power out- 
put, and overall length must be reduced, 
and improvements made in power plant 
and transmission, and long-range repair 
costs must be kept under control. 


Future developments may include 
mechanical or hydraulic transmission, 
with a saving in weight and cost, more 
dependable valve and piston construc- 
tion, additional fuel and water capacity, 
and progressive decrease in weight, 
length, and relative cost per horsepower. 
As higher-speed engines having overload 
capacity for short periods are designed 
and used, with accompanying larger 
generators and motors for an approach 
to the performance of the straight elec- 
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tric in the handling of trains, care must 
be taken that the cost of the higher qual- 
ity fuel which may be required does not 


offset. the savings realized through 
weight reduction. 
BART EL 


As a measure of locomotive potential- 
ities in passenger-train duty, data were 
assembled for steam, electric, and 
Diesel-electric operations during 1946 
which indicate the comparative degree 
of availability and utilization for each 
of these kinds of motive power. 

In that year, six 4 000-B.H.P. two-unit 
Diesels were.used regularly on three 
westbound and three eastbound sched- 
ules, one in each direction between Har- 
mon, N.Y., and Chicago, and two be- 
tween Harmon and Mattoon, Ill., the 
assigned train-service mileage per day 
being, respectively, 928 and 1000. The 
six locomotives accumulated a total of 
2 089.563 miles in 12 months — an aver- 
age of 29 021 per engine per month, or 
954 per day. 

Beginning in October of the same 
year, six of the S-1 class 4-8-4 type 
steam locomotives, including the one 
equipped with poppet valves, were as- 
signed to three westbound and three 
eastbound runs between Harmon and 
Chicago. Up to the end of November, 
the accumulated mileage was 314 014, 
representing an average per engine of 
26168 miles monthly, or 858 per day. 

The strike in the bituminous coal 
mines caused a disruption of this ar- 
rangement for 13 days during December, 
and the engines were assigned to other 
runs in this period. The total mileage 
for the three months beginning Octo- 
ber ist was 455404, or an average of 
25 300 miles per month per engine. 


Comparative performance. 


An analysis of the records of the two 
Diesels and six Class S-1 for 15 con- 
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secutive days during October is set forth 
in Table II, as comparative potential 
performance on a yearly basis, Harmon 
to Chicago, under conditions prevailing 
during favorable weather when the 
steam locomotives are less susceptible 
to delays and failures and relative better 
performance can be expected than for 
the full 12-month cycle. 


The actual average mileage obtained 
in the entire month of October was 
28954 for the two Diesels and 27 221 
for the six steam. 


In this operation, both types of power 
were given the same attention at ter- 
minals, but the Diesels were under re- 
pair and inspection daily for 21.74 per 
cent of the time vs. 17.75 per cent for 
the steam. This accounts for the differ- 
ence in hours unavailable, Line 6. On 
the other hand, the time out of service 
for shopping and periodical required in- 
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longer steam schedules and resulting in 
the total hours used, Line 4, and per 
cent utilization, Line 7, being less for 
steam than for Diesel. The availability 
ratio, Line 8, representing the total 
hours used and hours held waiting, in- 
volves the three factors and is almost 
identical for both classes of power. 

For year-round operation, such per- 
formance cannot be expected of the 
steam power with its inherent disabil- 
ities increased during severe winter 
weather, and the annual mileage antici- 
pated would be less than given in the 
tabulation. With a conservatively esti- 
mated allowance for additional out-of- 
service time for steam because of in- 
creased inherent disabilities during se- 
vere winter weather, the following com- 
parative evaluation for potential utiliza- 
tion and availability was revealed from 
this study : 


: Diesel Steam 
spections was 3.29 per cent, of, total. sy hnmnal iuileage 324000 288.000 
hours, Line 1, for Diesels and 7.67 per Average miles per month 27000 24.000 
cent for steam, which produced a lower Utilization, per cent of 
potential in hours of use for the steam, total annual hours . 70.4 63.0 
offset to some extent by the slightly Availability, per cent of 

i at total annual hours . 74,2 69.0 
TABLE II. 
Annual potential performance per locomotive — Passenger service. 
(Based on 15 consecutive days’ service between 
Harmon, N. Y., and Chicago during October, 1946.) 
Line No. Diesel Steam 
il Total hours (365 « 24) . 8760 8 760 
2 Hours for shopping and periodic inspections . 288 672 
3 Assigned hours (1)-(2) 8472 8 088 
4 Hours used ; 6 292 6 080 
5 Hours available, not used 338 573 
6 Hours unavailable : ; 1 842 1 485 
7 Per cent utilization (4) + (1) . 71.8 69.4 
8 Per cent availability [(4) + (5)] + (1) . Thasy? 130 
9 Mileage, operated .....% . . . 329 934 314 694 
10 Average miles per month (9) + 1 27 496 26 226 
1! Average miles per day (9) + 365 . 904 862 
12 Average m.p.h. (overall schedules) 52.44 51.75 


C 


ins du ‘ing the ‘month: rt “October, 


- Steam’ Ss handicaps. 


pes of power received the same 
attention at terminals, and 
of a somewhat higher grade than 
al was provided for ‘the steam 
Nthe records of pop Le aan -— 179 


si 4 ie Diesel Steam 
Gross eles i: CD 16.1 211 
= Run g time made up . 13.9 ‘176 
> Net e late at final 
Pea es 35 
Kei," Gross delay chargeable Seed 
ie Me to locomotive aa pages eee 
wr, oar 
bs: _ Of the total number of trains involy- 


us ped the number recorded as on time was 
a 134, or 75 per cent, for steam, and 126 
or 71 per cent, for Diesels, with average 
he Gt lay chargeable to the locomotive prac- 
tically negligible for both classes of 
2 power. Running time made up nearly 
compensated for the delays en route 
and at terminals. The relatively more 
: stable performance of the Diesel was 


_ accomplished with the same size trains — 


ee as for the steam, although rated horse- 

_ power was about one-third less, but full 
A ae of the steam could not be uti- 
cee lized because of train deniet and other 
limitations. 


Electric locomotives having no self- 
a contained prime mover can be expected 

to possess inherently greater availability 
F - than either steam or Diesel. Experience 


and 
traffic and many trains arriving at New 


valve. packing, 
equipment, 


hee ‘where 
a arrangement’ 


mete miles teen N ee 


York during the morning hours, with 


late Biternoon and evening departures, 


opportunity for intensive use over the 


24-hr. cycle is limited and the utiliza- 


tion as a percentage of total time, is low. 
For the single revenue run in one direc- 
tion an average of about 1.5 total loco- 
motive-hours is required and an average 
of about two round trips is made daily, 


although this is occasionally exceeded. | 


_ Steam locomotives labor under several 
handicaps not applicable to Diesels or 
electrics, and severe winter weather ac- 
centuates these difficulties. Poor coal 
and low steam pressure, shortage of coal 
and water, ash-hopper defects and dis- 
posal of ashes, heating of friction-type 
erank pin and other journals, broken 
machinery parts, failure of piston and 
defective feedwater 
and water-scooping appar- 
atus all contribute to failures and delays 
en route and to late arrivals at terminal 
points, peculiar to steam only. In some 
cases these disabilities affect power out- 
put. Diesel and electric motive power 
suffer no diminution of efficiency or 
capacity under low-temperature condi- 
tions. 


Out-of-service time. 


Considerable progress has been and is 
currently being made to reduce these 
difficulties and resulting delays charge- 
able to modern reciprocating steam. 
Roller bearings on axles, crank pins and 


valve gear, the use of alloy steel for 


machinery parts, refinements in design 
and insistence on careful workmanship 
have been of great help, and the provi- 


\ al 
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sion of larger ash hoppers has permitted 
longer runs between servicings. Ash- 
hopper servicing en route still constitu- 
tes a serious bottleneck in the mainten- 
ance of fast schedules, particularly 
during cold weather when it is often 
necessary to thaw out the hopper in 
order to discharge the ashes and clin- 
kers. The necessity of refueling at in- 
termediate points and delivering the 
semi-frozen fuel to the stoker screws, 
even with the high-capacity steam-oper- 
ated coal pushers on large-capacity ten- 
ders now in use, remains as a serious 
cause of delay. 

Reciprocating steam locomotives also 
are out of service a greater portion of 
the total time than the Diesel for shop- 
ping and regular terminal attention and 
maintenance, including governmental in- 
spection requirements. A careful study 
indicates that over a period of one year, 
for high-mileage locomotives in Harmon- 
Chicago service, excluding unforeseen 
contingencies and operating emergen- 
cies, the through-service steam is un- 
available a minimum of 28 and the Die- 
se] 12 days. This reduces the potential 
utilization and mileage of steam, but is 
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inherently characteristic with its high- 
capacity boiler and relatively complicat- 
ed reciprocating machinery. Some fur- 
ther improvement can probably be ef- 
fected in the time required for shopping 
and for periodic inspection, but it is 
probable that the Diesel will retain the 
advantages in this respect. 


It is possible that in the future de- 
velopment of reciprocating steam some 
of the principles and devices proposed 
for use in the pulverized-coal-burning 
gas-turbine and steam-turbine motive 
power may be adapted, particularly 
with reference to the use of coal fuel 
and the disposal of ashes and other 
solid residue of the combustion process. 


The Diesel locomotive is subject to 
certain maintenance difficulties not en- 
countered on steam. The engine itself 
contains a multiplicity of reciprocating 
parts in the form of pistons, valves, and 
related mechanism with which there is 
a continuing possibility of failure. While 
not necessarily resulting in locomotive 
cut-out, sufficient reduction in capacity 
may take place for delay en route, par- 
ticularly with the one- or two-unit loco- 


a . motive. The water and cooling systems 
TABLE III. 
Annual potential performance per locomotive — Freight service. 


(Based on 17 consecutive days’ service during October, 1944.) 


Line No. Diesel Steam 
1 Total hours (365 x 24) stent she 8 760 8 760 
2 Hours for shopping and periodic inspections . ... . 216 696 
3 Assigned hours (1)-(2) 8 544 8 064 
4 Hours used : 7219 7 023 
5 Hours available, not used 349 252 
6 Hours unavailable . 4 976 789 
7 Per cent utilization (4) + (1) . be ee 82.4 80.2 
8 Perycent. availability G4) “Gite Os. > eee 86.4 $3.0 
9 Mileage operated a tee: ’ 137 450 118 237 
10 Average miles per month (9) + 12 . 11 454 9 853 
11 Average miles per day (9) + 365 . 377 324 


ii ce 7 te ong nat aaa a 
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occasionally give trouble and the motors 
are subject to overheating, but this is 
relatively rare. Heating of long trains 
in extremely cold weather has always 
presented difficulties, and the inade- 
quate equipment heretofore furnished 
on the Diesels has been a _ constant 
source of trouble. 


The electric locomotive offers to date 
the best possibilities for eliminating 
delays en route due to motive power 
largely because it does not include a 
self-contained power plant and related 
apparatus and, with its greater power 
input during accelerations, it can rea- 
dily make up more time following train 
detentions for various reasons. 


Troubles with the electric consist 
principally of motor flashover, hot mo- 
tor bearings, and failure of auxiliary 
equipment. Power supply failure may 
occur, but experience has shown that 
little interruption of service is encoun- 
tered on this account and that this kind 
of motive power is the best available, or 
even now contemplated, for minimum 
delays and maximum utilization. __Be- 
eause it has fewer moving parts, failures 
on the road are negligible and terminal 
time for inspection, servicing, and re- 
pairs is less than for other forms of 
power. 


Freight service. 


The eight Diesel cabs of 1 350 B.H.P. 
capacity which were acquired in 1944 
have been in service continuously since 
their delivery, most of the time as two- 
unit 2 700-B.H.P. combinations. In the 
year 1945 when they were thus used, the 
total mileage for the four locomotives 
was 506608, equal to an average of 
10 554 miles each per month. 

In July, 1946, two additional cabs 
were added and since that time the 10 
units have been operated as four loco- 
motives, two comprised of three units 
each and two of two units each. The 
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average miles per locomotive per month 
in 1946 was about 10 000. 

Analysis of the performance of two 
5 400-B.H.P. Diesels vs. two modern 
steam freight locomotives of about the 
same indicated horsepower capacity, in 
comparable service, was made for a 
check period of 17 days in October, 
1944. In Table III the results are trans- 
lated into terms of maximum potential 
yearly performance. 

During the period studied, every ef- 
fort was made to keep the engines in 
service and avoid delays at terminals. 
Favorable weather conditions also con- 
tributed to the excellent performance. 


Records of actual use over extended 
periods indicate that for year-’round 
operation an approximate average 
monthly; mileage of 10000 for Diesels 
and 8500 for steam can reasonably be 
expected and should be obtained when 
receiving equivalent attention. With 
these mileages, the percentages of utili- 
zation and availability are evaluated as 
follows : 


Diesel Steam 
Annual mileage 120000 102000 
Average miles per month 10090 8 500 
Utilization, per cent of 
total hours 70.1 §3.5 
Availability, per cenit t of 
total hours Be 85.7 


Proposed new types appraised. 


The most attractive present develop- 
ment is the gas-turbine, promising all 
the advantages of the Diesel, plus the 
rotating prime mover and low fuel con- 
sumption when produced for the suc- 
cessful use of pulverised coal. 


For constructive contribution to the 
possibilities of the pulverized-coal-fired 
steam-turbine-electric, the high-pressure 
water-tube boiler offers the advantages 
of higher steam temperatures and im- 
provement in ash disposal and, if harm- 
ful slag deposits can be eliminated there- 
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from, this kind of locomotive should be- 
come a competitor of the Diesel unless 
total cost is found to be excessive. 


The stoker-fired coal-burning steam 
turbine will also have the advantages of 
rotatively applied power and the com- 
plete absence of cylinders and valves 
with related reciprocating parts for 
greater continuity of. operation, al- 
though, with the conventional boiler and 
ash pan, it is not expected to equal the 
Diesel. 


Costs of ownership and use. 


For analysis, this important funda- 
mental is here divided into its two chief 
component parts : first costs and result- 
ing annual fixed charges, and operating 
costs consisting principally of fuel, re- 
pairs and crew wages. 


First costs. — Prices as of December, 
1946, indicate the following approxi- 
mate relationships among reciprocating 
steam (taken as 100), the Diesel-electric 
and the straight electric : 


Complete Per 
locomotive H.P. 


4-8-4 type steam, 6000 

nominal I.HP. (including 

high-capacity tender) .. 100 100 
Diesel electric : 

6 000i" BHP. 75 ae nee 214 214 

4000 1B HE prereir eee 147 apa 
Straight electric, 5000 con- 

tinuous rated horsepower 114 137 

Annual operating costs. — For steam, 


Diesel, and electric annual operating 
costs per mile in daily fast, heavy pas- 
senger-train movements, through with- 
out engine change, Harmon-Chicago, are 
shown in Table IV, the result of detailed 
study for comparison of locomotives of 
equivalent power. 

These data apply only to one repre- 
sentative railroad and the class of sery- 
ice indicated. It follows that, of neces- 
sity, each railroad should establish its 
own figures to determine the economic 
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advisability of the different types of 
power. It is especially noteworthy that 
an increase of as little as one cent per 
mile added to 1946 costs for the item of 
either repairs or fuel amounts to some 
$3000 per year per engine for the an- 
nual mileages given. 


For the pulverized or stoker-fired 
coal-burning steam-turbine-electrics, and 
the gas-turbine-electric, determination of 
construction, operating, and overall 
costs of ownership must await actual 
experience. These steam-turbine loco- 
motives, because of the absence of all 
reciprocating machinery, but with the 
added electrical and  coal-handling 
equipment and .the steam-generating 
plant, probably would approximate, or 


exceed, reciprocating steam power in ~ 


maintenance costs, but with some saving 
in- fuel the overall operating cost might 
be about equal or less. The gas-turbine, 
if successful, will provide equal power 
at a large saving in fuel over either 


steam or Diesel and, having no boiler - 


and little machinery other than for coal 
processing and handling, maintenance 


costs should be lowest except for the _ 


straight electric. | 


For both types, the overall economic 
results will be materially affected by the 
first cost. If it is found that the first 
cost of the gas-turbine locomotive may 
be brought to a figure.comparable with 
the Diesel-electric of equivalent horse- 
power, it should provide substantial 
competition for that form of motive 
power. 


Fig. 1 (*) shows the progressive in- 
crease in drawbar capacity for recipro- 
cating steam built during the last two 
decades, from the Class K-5 type, 4-6-2, 
to the S-1, 4-8-4. These curves, from 
which the detailed cut-off information 
has been omitted to simplify the com- 
posite chart, were developed during 


(*) See part I, page 165. 


0 ee 
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TABLE IV. 
Annual motive-power operating costs. 
Estimated 
Line Steam Diesel Electric 
No. s-1,. 4-8-4 4900 BHP. Diesel, 5000. 
(2-unit) 6 ries a * continuous 
1 Approximate relative first cost per 
locomotive (as of December 1946) 100 147 214 114 
2 Total annual mileage. . . . . 288000 324 000 324 000 324 000 
Cost per Mile 
$ $ $ $ 
RECO DOWS! Mah 5, Gays eos 356 302 000 170 
Fuel ee rh Pe Berm a le ee 410 .280 420 400 
/ (at .006 per 
kw. hr.) 
iy (3: ct SC 0) SS ee ee a .766 632 .920 ; 570 
Geevater ewe 0 WS, ie, tae! oe 031 004 .005 .005 
feeaptication= s .-. 6 a a a 011 .030 045 011 
SenOwmen SUPPlesS.). | ap us ee eas 005 002 002 .002 
9 Enginehouse expense . ... . 100 100 100 020 
10 Crew wages (two men)... . 1944 1979 2046 1927 
11 Vacation allowance (3 per cent) . 0058 .0059 0061 0058 
12 Social Security and eee p toy eens 
tax (8.75 per cent) . . 0175 0178 0184 0174 
13 Total per mile (operating) . . . 1.1307 .9896 1.3011 8239 
Total Cost 
14 Total annual operating cost. . . 325642 320 630 421 556 226 944 
15 Fixed charges (interest, depreniaz 
tion and insurance) . . . 24 453 38 841 56 640 24 635 
Ge totaleanmigl cost. ue 2) Jae te 850.095 359 471 478 196 291 579 
17 Total annual cost per mile . . . eo ia al 1.48 .90* 


* Fixed charges for substations and overhead contact system, which represent an 
important increment of cost for power delivered to the locomotive, are not included in 
this figure, but, for comparison in the service indicated, would average about 25 cents per 
mile, making the comparative total $ 1.15. This total, however, makes no provision for 
the cost of maintenance of substations and overhead contact system, which would 
amount to a substantial charge against the electric locomotive. 
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TABLE V. 


A Comparison of maximum acceleration characteristics of passenger 


locomotives (from Fig. 4). 


(Level tangent track — Fifteen air-conditioned passenger cars — 1005 tons.) 
Locomotive type Steam Diesel-electric Electric 
Locomotive class . .. . J-3 S-1 2 units 3 units 
Wheel arrangement. 4-6-4 4-8-4 2 (0-6-6-0) 3 (0-6-6-0) 4-6 + 6-4 
Driving axles, no. . . . . 3 4 8 12 6 
Horsepower rating . . 4700 LHP 6600 LHP. 4000 BHP. 6000 B.HP. 5000 con- 
tinuous 
-« rated HP. 
Working pressure, lb. per sq. 
in. feta, PRL, “lyre Seclts ge Fee 275 275 
Driving wheel diameter, in, . 79 79 nie She aoe 
Balancing speed, m.p.h. . . 91 102 84 100.5 105 
Acceleration, m.p.h. : we ee oe 
Min.-Miles. Min.-Miles Min.-Miles Min.-Miles Min.-Miles 
0-35 2238 OF 158° 055 149. 05 10009 03 Ose. 
0-60 Sty ue ee. 5.00 5 29° 3500 24° 0473 320 3062-08 mead mes 
0-80) +. wt hs kate 9,76" (86. 8 6. 36er bal 1417 14S 6 eo ee oo ees 
0-100 Shy EMR ce ee hee 16.50 21.3 ean a 26.50 37.8 5.54. 3.9 
35-60) ee Oe SO Dae D2 192) aS eS Ste 77) 0 OG mmm eee le ce 
35-80). 2 HONS ei SAE (749° WOON 4.78) 24.6 275 LA See oll hats ono 
60-80 ow vant. «a deem ANG abe e 2.8609 (S10 Sages ae ol dl 


road tests using the dynamometer car 
under the direct supervision of qualified 
Equipment Engineering Department per- 
sonnel, using suitable length trains. A 
second engine back of the test car was 
provided for close regulation of trailing- 
load resistance so as to insure the eli- 
mination of practically all acceleration 
effects during separate runs made to 
produce the required increments of the 
complete curve as here illustrated. 

With approximately rated boiler pres- 
sure and the locomotive as.a whole in 
reasonably good conditions, there is a 
cut-off for each incidental speed at 
which maximum power output is made 
available from a given design, irrespec- 
tive of whether the capacity of the 
steam generating plant or the engine 
cylinders is the limiting factor. Any 
longer cut-off not only reduces the 


power output at that speed, but also is 
wasteful of steam and fuel. At a shorter 
cut-off, the power output becomes less 
and it follows that there is a correspond- 
ing reduction in steam consumption. 
By developing each increment of the 
pull-speed curve, the succession of cut- 
off points throughout the range of oper- 
ating speed to produce maximum power 
is definitely established and consequently 
each portion of any such curve can be 
reproduced at any time in regular train 
service by using the proper cut-off in 
relation to.speed. This type of opera- 
tion is utilized for all system reciprocat- 
ing steam road locomotives, freight and 
passenger, and is based on the principle 
of cut-off selection which can be applied 
directly and conveniently through the 
guidance of a device known as the 
Valve Pilot. By means of a duplex gage, 
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Locomotive. Rated H.P. 
Diesel 4 unit . 6000 B.H.P. 
Diesel 3 unit . 4500 B.H.P. 
Steam 8-1 6 600 I.H.P. 
Steam L-4 5 400 I.H.P. 
Fig. 2. — Comparison of the characteristic 


eurves of steam and Diesel-electric freight 
locomotives. 
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this device indicates the speed and posi- 
tion of the cut-off at all times. Thus, 
full available capacity may currently be 
produced while accelerating to running 
speed and, thereafter, the cut-off may be 
shortened consistent with load, profile, 
and speed conditions. 

As illustrated in Fig. 1, there has been 
a gradual increase during the 25-year 
period from 2500 drawbar H.P. at a 
speed of 45 m.p.h. obtained with a K-5 
class to 5050 drawbar H.P. for the S-1, 
with 275 Ib. per sq. in., an increase of 
102 per cent. The curve for the S-1 
with 290 lb. per sq. in. derived from the 
test with 275 lb. per sq. in. shows. a 
maximum of 5300 drawbar H.P., an in- 
crease of 113 per cent over the K-5. 

Figs. 2 and 3 show, respectively, the 
power characteristic curves for steam 
and Diesel-electric freight and for steam, 
Diesel-electric, and electric passenger 
power. The relatively constant horse- 
power of the Diesel engine is shown 
with the extremely high starting draw- 
bar pull, but rapidly decreasing as the 
locomotive speed is advanced, until at 
the range of about 30 to 40 m.p.h. the 
Diesel and steam of equivalent maxi- 
mum capacity have approximately the 
same drawbar pull and _ horsepower. 
Thereafter, the steam has the advantage. 
The electric locomotive, Fig. 3, because 
power for short-time rating is limited 
only by the adhesion of the wheels on 
the rails and the traction-motor charac- 
teristics, has higher capacity throughout 
the entire speed range than reciprocat- 
ing steam and in excess of the Diese] at 
speeds over 30 m.p.h. 


The electric rated first. 


Fig. 3 also includes curves represent- 
ing the pounds resistance and equivalent 
horsepower of a 15-car air-conditioned 
train of 1005 tons weight on level tan- 
gent track, which indicate the balancing 
speeds for the motive power shown. 
Fig. 4 illustrates the comparative accele- 
ration characteristics of the three forms 
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Fig, 3. — Power characteristics of steam, electric, and Diesel-electric passenger locomo- 
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of power, with time plotted against 
speed and distance, in handling a 15-car 
passenger train on level tangent track. 
For convenient reading, Table V is given 
to show these characteristics up _ to 
speeds of 35, 60, 80, and 100 m.p.h. and 
from 35 and 60 m.p.h. to running speeds 
of 60 and 80 m.p.h., respectively. 

While from the charts the 4 000-B.H.P. 
Diesel might not be expected to equal 
the performance of the J-3 steam with 
its somewhat higher maximum horse- 
power even though the Diesel acceler- 
ates more rapidly up to 60 m.p.h., actu- 
ally with trains of 15 or 16 modern cars, 
it has proved more effective in main- 
taining the fastest schedules between 
Harmon and Chicago. 

Electric power has the advantage over 
both steam and Diesel in regaining speed 
from stops or slowdowns because its 
excess reserve capacity permits accel- 
erating the train at a much faster rate. 
As a train-handling unit only, the 
straight electric is the most satisfactory 
motive power available and, in this re- 
spect, it is not expected that new forms 
herein described, either under develop- 
ment or in use, will exceed it. 

Both Diesels and electrics sometimes 
are run at higher speeds on curves and 
tangents than reciprocating steam in 
view of the lower centre of gravity, gen- 
erally lighter wheel loads, and complete 
absence of dynamic augment. However, 
the chief reason for moderate speed re- 
striction of the reciprocating steam is to 
avoid increased maintenance costs as, if 
well designed, it is inherently capable 
of safe and suitable operation at present 
maximum speeds of other types. 

For heavy-grade work, Diesels and 
electrics have a distinct advantage over 
reciprocating steam. With the former, 
the drawbar pull increases rapidly as 
the speed is reduced. This is true to a 
lesser degree of the latter. Conse- 
quently, slow-speed heavy pulls will not 
cause stalling when motor capacities are 
not exceeded, whereas, under similar 
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conditions, the reciprocating engine may 
slip and stall. The constant torque and 
the adhesion characteristics of the Die- 
sels and electrics are also of assistance 
in this respect and, with heavy trains, 
some double heading or helper service 
may be eliminated. 

Any shortening of passenger-train 
schedules through increased speeds will 
require greater power output and higher 
cost, even though during recent years a 
definitely downward trend in passenger- 
train weights has been effected with 
lightweight streamline equipment of 
modern design. Regardless of this,’ 
more rather than less power is needed, 
especially for acceleration, if faster 
schedules are to be provided. 


The Diesel’s advantages. 


The advantages of Diesel-electrics over 
reciprocating steam may be summed up 
as follows: (1) little affected by cold 
weather; (2) lower center of gravity; 
(3) reduction in track stresses because 
of lighter wheel loading and absence of 
dynamic augment, but with this advan- 
tage partially offset because of the small- 
diameter wheels used throughout and 
the effects of lowered center of gravity; 
(4) somewhat better riding qualities; 
(5) less time required for servicing en 
route; (6) faster acceleration at lower 
speeds; (7) cleaner operation; (8) hi- 
gher availability and utilization. 

With respect to practically all of the 
items enumerated, the straight electric 
is superior to the Diesel. 

The Diesel capacity is bound to that 
of a self-contained power plant, whereas 
the straight electric is limited by adhe- 
sion, and surplus power normally is 
available at practically negligible addi- 
tional costs. 

The fundamental problem in shorten- 
ing passenger-train schedules is pri- 
marily that of maintaining high average 
speed, which may most effectively be 
accomplished through reduction in the 
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number of stops and slowdowns and by 
reducing the time unnecessarily used - 
with the train at rest. An increase in 
maximum permissible speed reduces the 
overall time to some extent, but much 
more can be gained by raising the over- 
all average speed to the extent found 
practicable. An analysis of a_ typical 
schedule, Harmon-Chicago, showed that 
the additional time required over, the 
total scheduled running time at permis- 
sible speeds amounted to 210 min. — 3 
hrs. 30 min. of a total schedule time of 
16 hrs. 45 min., or about 21 per cent — 
divided as follows : decelerating and ac- 
celerating to and. from slow-downs, 52 
min.; decelerating and accelerating to 
and from stops, 74 min.; timetable al- 
lowance for station stops, 62 min.; ad- 
ditional time required for station stops, 
22 min. 

The number of stops and local speed 
restrictions and the time thus sacrificed 
have an important effect on the main- 
tenance of fast competitive schedules 
and obviously should be kept to the mi- 
nimum practicable. 

Certain of the delays peculiar to steam 
may be eliminated only by changing to 
Diesel or electric power, but most of the 
time lost. is independent of the type of 
motive power as indicated elsewhere in 
this discussion. 

Any reference to the overall thermal 
efficiency at the drawhar, in the per- 
formance efficiency equation usually af- 
fords an opportunity for considerable 
argument. The fact is not questioned 
that it is highly desirable to improve 
this characteristic, but it is believed 
prudent first to review some of the 
reasons for its relatively low value at 
the tender drawbar of reciprocating 
steam. 

For reciprocating steam in heavy 
through service, the necessarily high 
horsepower requirement is accompanied 
by. elevated combustion rates. This 
complete power plant, including all 
auxiliary equipment and its own fuel 
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and water supply, is also handled suc- 
cessively by different engine crews on 
fast schedules, under widely fluctuating 
load requirements and, not infrequently, 
in dense traffic. While the same condi- 
tions pertaining to train handling are 
present also with other forms of motive 
power, none contains the variables in- 
herent in the production of power from 
coal-burning reciprocating steam. 

The efficiency at the drawbar is af- 
fected by the loads on the non-power- 
producing wheels and those of the ten- 
der which, for the latest designs, are the 
equivalent of two loaded cars having 
rail weights of 210000 Ib. each. 

The retention of simplified design, 
particularly with respect to cylinders 
and valve gear, penalizes the thermal 
efficiency, but repayment is secured and 
augmented in terms of higher service- 
ability and reasonable freedom from ex- 
cessive maintenance troubles and related 
delays on the road. 

Although the overall thermal effici- 
ency of the Diesel locomotive may be 
four to five times that of reciprocating 
steam, it should be recognized that with- 
out this advantage the cost of Diesel fuel 
oil would be prohibitive. As a practical 
fact, the margin in favour of the road 
Diesel on a fuel basis is of relatively 
little consequence for equivalent power 
at current costs for fuel. 

Predicated on practice performance of 
Diesel-electric, straight electric, and re- 
ciprocating steam, and thermal analyses 
of power plants now under development, 
comparative overall efficiencies may be 
cited approximately as follows under 
conditions of full load in train service 
at a speed of about 65 m.p.h. with fuel 
of the average quality currently furnish- 
ed : Diesel-electric, 22 per cent; straight 
electric, 17 per cent; pulverized-coal- 
burning gas-turbine-electric (estimated), 
16 per cent; pulverized-coal-burning 
steam-turbine electric (estimated), 10 
per cent; modern reciprocating steam, 
6 per cent. 
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TABLE VI. 
Relative evaluations of various motive-power types. 
Performance efficiency 
‘ 
Overall costs Th 1 
Rating Availability of ownership Capacity Overall ef ficou 
and use for work performance Be Seater 
Ist Straight Diesel-electric Straight Straight Diesel-electric 
electric Reciprocating electric electiic 
steam 
2nd Gas-turbine Straight Gas-turbine Gas-turbine Straight 
(est.) electric (est.) (est.) electric 
(see footnote, : 
Table IV) 
3rd Diesel-electrie’ ) (22... 2.1.0... Diesel-electric Diesel-electrie | Gas-turbine 
Steam-turbine (est.) 
(est.) 
Reciprocating 
steam 
4th Steam=turbine Gu. eosin a. s sn ee eee Steam-turbine Steam-turbine 
(est.) (est.) (est.) 
5th Reciprocating), > Washes ase eee ee Reciprocating Reciprocating 
steam steam steam 
iWnrated iia setinateas es Gas-tirbinese) ccaasceeser Dohiveses Sea eee 
and steam- 
turbine* 


(*) Determination of this value must 
maintenance expense. 


Summary of evaluations. 


The primary mesure of the value of 
a locomotive is its use. Motive power, 
when idle because of mechanical defects 
or other causes, represents a total loss of 
investment and constant expense and it 
is continually demonstrated in all serv- 
ice that maximum overall performance 
efficiency must be sought and secured 
by the use of units capable of providing 
consistently high mileage throughout 
their useful lives. 


The relative evaluations given in Ta- 
ble VI are predicated upon ;: 


1. Locomotives of equivalent power 
and representing the latest state of the 
design art. 

2. Equivalent through-line passenger 
schedules and freight operations and ef- 
ficient use of potential availability. 


3. Equivalent maintenance and servic- 
ing attention at all times. 


await actual construction, operation, and 


4. Presently accumulated knowledge 
and experience. — 

5. The exclusion of fixed charges and 
maintenance expense for motive-power 
operating, servicing, and repair facil- 
ities. Where the use of steam may gra- 
dually decrease, some reduction in the 
facilities required therefore should take 
place, but as a partial offset to the re- 
sulting savings, moderately increasing 
investment is required in suitable facil- 
ities for other forms of motive power as 
their number becomes greater. 

The ratings in Table VI for the gas- 
and steam-turbine locomotives are spe- 
culative and at the present stage are 
based on design characteristics and pos- 
sibilities only. For the straight electric, 
Diesel, and reciprocating steam, the eva- 
luations given are founded on substan- 
tial experience and may be considered 
independently of the others without al- 
terations in the respective sequences of 
ratings given. 
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The restoration of the Frejus tunnel, 


by M. BASTIEN, 


Chef du Service de la Voie et des Batiments de la Région du Sud-Est 
de la Société Nationale des Chemins de fer francais. 


and M. TARDY, 


Chef du 10™° Arrondissement de la Voie 4 Chambéry, Société Nationale des Chemins de fer fran¢ais. 


(Revue Générale des Chemins de fer, November 1946.) 


The Frejus Tunnel (*) connects France 
with Italy by running under Mount Fre- 
jus and is situated on the Paris-Turin 
line, about equidistant between Cham- 


-bery and Turin, 100 km. (62 miles). - It 
~is the oldest of the great Alpine tunnels. 


Its construction was begun in 1857 and 
completed in 1871, when it measured 
12 800 m. (13998 yards) in length, but 
in May 1881 this figure was increased to 
13 668 m. (14 948 yards). 

The name of the engineer Savoyard 
Sommeiller will ever remain associated 
with this undertaking, where for the 
first time compressed air boring machi- 
nes were used. 


I. — DETAILS. OF THE TUNNEL. — EAR- 
LY DEFECTS. — WAR DAMAGE. — 
ATTEMPTS AT RAPID RESTOCRA- 
TION. 


1. — Nature of the surrounding earth. — 
Alterations to the original alignment. — 
Access to the tunnel on the French 
side. (See Fig. 1.) 


From the Italian side the tunnel first 
traverses some talcose schists, of good 
formation generally speaking, but liable 
to split up readily on exposure to the air 
and fall in slabs of considerable size. It 
then encounters in turn triassic strata 
(formed of calcareous earth of compact 


(*) This tunnel apparently is often incor- 
rectly called the Mont Cenis tunnel, by reason 
of its proximity to the peak of that name tra- 
versed by the National Highway No. 6. The 
tunnel is always so called in Great Britain. 


form, gypsum, dolomite) quartzite and 
anthraciferous sandstone, again of good 
condition, then it emerges on the French 
side in glacial deposits of a somewhat 
clayish type, containing numerous sto- 
nes, generally of a quartz character. 

As soon as the tunnel was opened, 
various disturbances of considerable 
magnitude appeared in the parts of it 
running through the glacial deposits. 

The small Replat tunnel, driven 
through a seam of this type, suffered so 
badly in this respect that it had to be 
abandoned, the line being diverted pro- 
visionally to run on an embankment. 

Then the Frejus tunnel itself had to 
suffer, near its mouth, the effects of the 
unstable nature of the surrounding 
ground. iIt was quickly realised that the 
original alignment could not be main- 
tained and after taking soundings by 
means of headings and a geological sur- 
vey conducted by Mr. Lory, Doyen of 
the Faculty of Science at Grenoble Uni- 
versity, a new alignment (AT:B in Fig. 1) 
was agreed to in 1879 and brought into 
use in 1881 in place of the old one 
(AT:B). 

The new alignment leaves the old 
753 m. (829 yards). from the mouth T: 
and entering the mountain practically 
parallel with the old one on the moun- 
tain side, traverses the anthraciferous 
sandstone and crystalline schists in run- 
ning under the glacial deposit which 
caused the trouble in the Replat tunnel. 
After running some 1575 m. (1 723 
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yards) it emerges in a counterfort of de- 
posits (of .a length of 160 m. [174 
yards]), the surface portions of which 
were considered by geologists as’ having 
arrived at a stable condition. These 
views have been confirmed in practice, 
and no important disarrangement has 
followed, imputable to the action of 
these deposits since 1881. _ 

In 1939 therefore the Frejus tunnel 
had three entrances in France, namely : 

— the aligning heading (T: — Fig. 1) 
which forms an extension of the main 
alignment of the tunnel; 

— the original mouth of the tunnel, 
known as the «monumental» mouth 
(T:) (Qe 

— the new mouth (Ts). 


In 1943, when Italy ceased to fight on 
the side of the Germans, the Italian 
«maquis » blew up the tunnel over a 
distance of about 1 km. (1093 yards) on 
the Italian side, beyond the point where 
the tunnel proper joins the exploratory 
heading on the Italian. side. The Ger- 
mans succeeded in repairing the damage 
in about 2 months. 

During the two aerial attacks on Mo- 
dane (17th September and 11th Novem- 
ber 1943) bombs falling in the vicinity 
of and above the mouth caused the arch 
to fail, making it impossible to pass 
through, even on foot. 

Finally, in 1944, the Germans, retreat- 
ing along the Maurienne valley, after 
having destroyed 31 railway engineering 


Fig. 1. 
Herplanation of French terms: ’ 

Nord = north, — Galerie de direction = aligning heading, — Nouveau tracé.= new alignment. — 
Soutr. du Replat = Replat tunnel, — Gare de Modane = Modane station. — Téte nouvelle = new 
tunnel ee — Tracé provisoire = eps kar alignment. — Soutr. de St Antoine = St. Anthony’s 
tunnel. — Galerie yotitée = covered way. — No. 6 = National Highway No. 6 Paris to 


Italy. 


2. — The 1939-45 War. 


On June 1lith 1940, shortly after Italy 
declared war on France, the French 
Military Engineers set off the mine at 
the new tunnel mouth. The damage so 
produced, which covered some 24 m. 
(79 ft.) of the side wall of the tunnel on 
the valley side and a small portion of the 
arch, was relatively unimportant and 
traffic through was able to be resumed 
on August 4th 1940. 


(7) The original troubles continued to get 
worse after 1881 but it remained possible to 
use the tunnel as a footway. 


works and all the important road struc- 
tures between St. Pierre d’Albigny and 
Modane, blew up the new mouth and the 
entrance to the exploratory heading on 
the 13th September, the surrounding 


space remaining heavily loaded with mi- . 


nes and under the fire of the Germans 
who occupied the crests. 

When Italy was liberated, it was 
learned that the Germans before with- 
drawing had blown up some 800 to 1 000 
m. (875 to 1093 yards) of tunnel on the 
Italian side, almost at the same point 
where the Italian « maquis » had damag- 
ed it in 1943. 
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3. — The situation in the early spring of 
1945. 


All access to the tunnel, whether from 
the French or Italian side, was effec- 
tively rendered impossible, but the dam- 
age sustained as far as could be seen 
from outside was as follows : 


On the French side. — At the new 
mouth the explosion had removed all 
signs of the actual entrance structure 
and the retaining walls that went with 
it. In their place a great clearance was 
observable among the glacial deposits 
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tact but 20 m. (66’) further on the arch 
had been brought down and according 
to the location of the bomb craters, the 
damage must have covered some 60 m. 
CST: 

The surroundings of the exploratory 
heading led one to believe that the dam- 
age inflicted there was of a _ similar 
nature. 


On the Italian side. — All that was 
known at the moment was that there 
was damage of appreciable magnitude at 
a point about 1 km. (1093 yards) from 
the entrance to the tunnel. 


Fig. 2. — General view of the fall brought about by the damage done on the 


13th September 1944. 


extending to a height of some 60 m. 
(197’) above the roadbed of the track 
and about 100 m. (328’) in length along 
the centre line of the tunnel (see fig. 2). 

It extended over some 30 m. (987) 
from the mouth and as far as could be 
seen the tunnel had been destroyed over 
a length of at least 40 m. (131’).. The 
«monumental » entrance mouth was in- 


(On the right the track serving the working site). 


4. — Preliminary work. — Attempt to put 
the tunnel back quickly into working 
order. 


a) Exploratory heading. 


The first thing to do was to ascertain 
the exact extent of the damage. 

After the mines were cleared away the 
firm of Borie called in to restore the 


186 


tunnel to working order (*) was given the 
task of running an exploratory heading 
almost at right angles to the centre line 
of the tunnel, breaking into the interior 
of the latter in rear of the damaged por- 
tion. This heading was commenced on 
the 17th August 1945, and was built to 
a fairly large cross section (3.15 x 2.50 
m. [13/77 x 8/2"/s’’]) and thoroughly 
timbered so as to allow eventually of 
working from the inside. 


4 ’ 
cinfres _¢a beton arme 
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Fig. 3. 
tal > tunnel mouth. 
lining proposed to be done by the South 
Africans. 


— Work executed at the « monumen- 
Cross section of the 


Heplanation of French terms: 


Ancien tunnel = old tunnel, = _ Cintres en béton 
armé = arch pieces of reindorced concrete. 


b) The help given by the South Afri- 
cans. 


At the beginning of August 1945, the 
British General Staff was led to interest 
itself in the restoration of the tunnel, as 
it had to make provision for handling 


(*) The work was placed in the hands of 
the two concerns of Borie and Fougerolles, 
having in mind the important tunnelling oper- 
ations it was proposed to entrust to the Borie 
firm. Actually it is this latter firm which 
has taken on alone the responsibility of equip- 
ping and managing the work on site. 
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between Italy and England a consider- 
able leave traffic, which-the blockage of 
the tunnel compelled it to send through 
Switzerland. 

A South African battalion, composed 
of engineer troops and miners from the 
Transvaal, which had repaired numerous 
tunnels during the war, especially in 
Italy, was sent to Bardonnechia and Mo- 
dane, with the object of effecting rapid 
provisional repairs. 

From the French side the proposed 
way of dealing with the situation was to 
make use of the old alignment, AT.B 
(Fig. 1), after having cleared a way for 
a track across the collapsed portion be- 
hind the « monumental » mouth. 

Assisted by a considerable labour 
force of German prisoners, the South 
Africans set to work on the debris outside 
and at the same time, with a view to an- 
other attempt being made from inside, 
commenced to drive a heading at right 
angles to the centre line of the tunnel, 
intended to come into it beyond the 
presumed end of the collapsed portion. 

The methods employed were the usual 
ones: small preliminary top heading, 
smal] excavations, then larger ones, for- 
mation of arch; running of a layer of 
concrete over the arch, resumption of 
work on the abutments and widening 
out of the side headings (Fig. 3). 

In addition to a very highly organised 
method of working on site, there were 
two particular processes deserving of 
mention : the regular use of squared tim- 
bering and of arch pieces in reinforced 
concrete, made in two pieces (Fig. 4), 
put up joined together and serving as 
poling boards left in place in the arch. 

For reasons which will be explained 
later, this procedure was abandoned af- 
ter 10 m. (33’) of arch had been treated 
with concrete. 

On the Italian side, the South Africans 
at first endeavoured, by making use of 
the headings used to place mines and 
not destroyed, and by constructing other 
exploratory headings, to get round the 
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part blocked with debris, in order to 
ascertain the extent of the damage and 
attack the work in several places. 

They brought this preliminary work 
to a successful conclusion in the middle 
of September, before on the French side 
the headings had reached the interior of 
the tunnel. On September 20th, it prov- 
ed possible at Bardonnechia to penetrate 
to the tunnel proper and ascertain the 
extent of the damage sustained by it. 


Fig. 4. — Works executed’ by the South 
Africans. Arch pieces of reinforced con- 
crete. 


Shortly afterwards, on the Modane side, 
the exploratory headings driven from the 
tunnel mouths T. and T; also penetrated 
the tunnel and allowed of easier access 
thereto. 


5. — The ascertained extent of the damage. 


Italian side. — At a point 745 m. (815 
yards) from the entrance to the tunnel, 
the first fall was found, 100 m. (109 
yards) long and estimated to involve 
20 000 m® (26 159 cubic yards) of debris, 
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with a dome shaped crater 25 m. (827) 
high over it and 117 m. (384’) further on 
a second length of 110 m. (360’) and of 
approximately 16000 m* (20927 cubic 
yards) was found blocked up, also with 
a crater above 15 m. (49’) deep. These 
two sections of damaged tunnel were in 
the talcose schists. 

In the rear of the second mass of de- 
bris which formed a stopping up of the 
tunnel, the water which had trickled in 
had accumulated gradually and made a 
sheet 32300 m. (3609 yards) long and 
3 m. (9/107/.’’) deep. 


French side. — The length of collaps- 
ed arch from the new mouth was 50.70 
m. (167’).’ In addition the arch was 
reduced by some 0.30 m. (11°/n’’) round 
the keystone and for the next 20 m. 


(65’7°/s’’) sligthly deformed on one 
haunch. 
Four damaged trucks were found 


amidst the debris and a great many anti- 
tank mines were scattered in the tunnel 
which, however, did not appear to have 
been mined systematically. 

At the «monumental» entrance the 
length of the collapsed portion was 80.30 
m. (263/5°/10’’) . ; 

As regards the original exploratory 
heading the presence of a body of water 
did not permit of any complete investi- 
gation, which in any case would have 
had no immediate usefulness. 

We considered therefore that the time 
required to restore on the Italian side 
would be about the same as that needed 
to put back into a proper state the new 
mouth on the French side (*) and in 
these circumstances a preliminary quick 
solution of the problem lost its attrac- 
tiveness. 

The British General Staff concurred in 
this view and the works at the « monu- 
mental » mouth, which we had under- 
taken to continue after the South Afri- 
cans left, were abandoned. 


(*) This view proved to be practically cor- 
rect, 
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Il, — RESTORATION WORK ON THE NEW 
MOUTH ON THE FRENCH SIDE. 


1. — Arrangements adopted. 


The arrangements adopted were deter- 
mined by the nature of the ground 
which had to be excavated. 

The morain deposits at the French en- 
trance to the tunnel had remained stable 
since 1881; but the damage brought about 
by the firing of the explosive charges, 
certainly very considerable, had had a 
very great effect on them. Inspection of 
the deposits showed that very probably 
a portion of the ground alongside the 
lining of the tunnel had been forced to- 
wards the valley and been replaced par- 
tially by material coming from the re- 
taining walls and masonry linings, rocky 
materials and large fragments that had 
become detached from the deposits (°). 

It was necessary to be prepared to go 
through deposits formed of large pieces, 
incompletely settled in position, the 
mass of which would have a strong ten- 
dency in parts to drop towards the 
valley. 

It was therefore decided to provide 
for a heavy lining strengthened again to- 
wards the crown (Fig. 5) from 1 to 
1.30 m. (373°/’ to 4’3°/s0’’) at the key- 
stone, with two stout abutments, 2.40 to 
3, mm. 6°62” to, W105/4)) at sthe Toots, 
strengthened by a crosstie in the form 
of a 0.70 m. (2/337) reversed arch pivot. 

The concrete used for the lining was 
made up as follows : 800 litres (176 gal- 
lons) of broken stone, 400 litres (88 gal- 
lons) of sand and 400 kgr. (882 lbs.) of 
artificial cements A. 160-250, save for the 
abutments where the cement content was 


(7) Actually, setting aside a few items of 
track No. 1 (on the mountain side of the 
line), no portion of track No. 2 was recovered, 
either in the tunnel on the valley side nor 
amongst the ruins of the springing of the 
arch on that side. The springing itself was 
completely destroyed and it was necessary to 
find new foundations at 2 to 3 m. (637 to 
9710/7) down. 
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300 kgr. (661 Ibs.). The concrete was 
formed by the vibration process. 

The original tunnel mouth was accom- 
panied by a retaining wall of some size, 
over 18 m. (60’) high. In addition, the 
slope above the wall had to be packed 
firm and partially covered with a facing. 

It was impossible to contemplate with- 
out considerable anxiety rebuilding this 
retaining wall amidst a mass of unstable 
deposits; indeed a higher one still would 
have been necessary by reason of the 
fall and it would have had to be built in 
sections. The propping and timbering 
of those sections, without any serious 
support from any timbering on the vyal- 
ley side would have been attended with 
very grave risks, the least of which was 
the setting up of some movement in the 
deposits. 

It would have been much better, both 
for the present and the future, to in- 
crease the length of the tunnel. 

It was decided after a partial clearing 


of the fallen material in the approach 


cutting to do this to the extent of 20 m. 
(637). 


2. — Method used. 


The instability of the deposits did not 
allow, as is often possible when working 
in new ground, of forming first the lin- 
ing of the arch and constructing the 
abutments as a.subsidiary process. 

It appeared much the more secure 
way to begin with the abutments, so as 
to obtain stable foundations for the arch 
when it came to be built up: this ob- 
viously led us to drive’a heading for 
each abutment. 

This method had in this particular in- 
stance the following advantages : 

a) it is convenient in tunnel work to 
have two levels of headings. 

As it is the lowest one which is used 
the longest, it was the correct course to 
build the abutments first, since disturb- 
ing pressures were feared. The abut- 
ment on the mountain side did in fact 


Marcu 1948 


protect the heading on that side; the 
other allowed of the timbering for the 
corresponding heading being solidly 
supported; 


b) it was not certain, a priori, that it 
would prove possible to do all the clear- 
ing for the arch and its lining at one 
operation. The method used would have 
allowed, should necessity arise, of con- 
structing the span of the arch and part 
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Without eliminating the possibility of 
a second attempt from the outside, par- 
ticularly for the purpose of pushing the 
work forward, the other method was 
chosen for the following reasons 

— it is easier, in a heading, to operate 
on the main body of a fall of material 
than on its base; 


— the clearing of the mines was only 
effected in August 1945; the delays in- 


Maconrnertes 


Fig. 5. — Cross section of tunnel. 


Stages of the work : 1. 


for abutments. 4. Top heading. 5. Small excavati 


heading. 7. Concrete special wall pieces. 8. Conerete arch. 9. Excayating the 


the invert. 11, Concrete invert. 
_of the springing by starting from head- 
ings driven above the abutment headings. 
Finally it was settled to proceed on 
the method illustrated in Fig. 5, the cap- 
tion of which gives the order of the va- 
rious operations (clearing and masonry 
work). 
It remained to decide whether the 
clearing should be effected by working 
from the outside or the inside. 


Abutment headings. 2, Excavation and trench work for abutments, 5. 


_5. Concrete 
Large excavations in top 
core. 10, Excavating 


ons in top heading. 6. 


volved in setting up equipment on site 
and getting it working did not allow of 
operations before October. In the neigh- 
bourhood in question, at 1100 m. (3 609 
feet) above sea level and with winter 
temperature of — 15° to — 25° as the 
normal thing, working outside and the 
provision of certain supplies (sand and 
gravel) are practically impossible dur- 
ing a great part of the season. Working 
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from the inside, ‘however, would allow 
of operations proceeding during that 
period. 


3. — Carrying out the work. 


As soon as the exploratory heading 
had been driven on October 4th, the task 
of taking into the tunnel the gravel, 
2 400 tonnes, the sand, 1 700 tonnes, and 
the cement, 500 tonnes, to be used dur- 
ing the winter, was hurried forward. 


a) Work: on the 
THO. Paes © 


After cutting away what could be seen 
of the damaged wagons and clearing the 
masonry debris, a screen was erected to 
hold the foot of the deposits and the 
lower heading on the valley side was 
begun. 

The clearing of the abutment was ef- 
fected in’ alternate sections, starting 
from the heading, first by making a sink- 
ing, then by opening out a trench, in or- 


inside (see Figs. 6 


Fig. 6. — Looking backwards at the inner 
works site, Abutment heading valley side. 
(The movement of the ground towards 
the valley on the right in the photograph 
has considerably overturned the timhering.) 
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der to make a clearance for the founda- 
tions. 

The concrete was poured as rapidly as 
possible and built up as high as could 
be, so as to cut down the trench and 
masonry work at the upper level, in con- 


Fig. 7. — Inner works. Timbering 
and masonry for the abutment on 
the valley side. 


Fig. 8, — Inner works. 


Upper head- 
ing. (The setting of the props 
follows the advancement of the 
work very closely.) 


ee YS 


> 
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nection with which serious difficulties 
were expected. 

As soon as the concrete had set suf- 
ficiently the timbering of the heading 
was supported against the abutments to 
effect a counter-pressure on the deposits. 


Small exca- 


Fig. 9. — Inner works. 
vations in the upper heading. 


The abutment heading on the moun- 
tain side was dealt with somewhat be- 
hind that of the other (*‘), the actual 
work, however, proceeding in the same 
manner. 

The top heading was begun when the 
two lower ones had reached a distance 
Of 480m (15 7752”) .and 43. m:. (141717) 
respectively; this gap in the procedure 
between the two levels was obviously 
not compulsory. It would even have 
been desirable, from some points of 
view, to reduce it. It was accepted in 
this instance, owing to lack of skilled 
operatives to deal with three simulta- 
neous faces, and to enable the difficul- 
ties to be allowed for at the upper level 
to be ascertained more rapidly. 

The driving forward of the abutment 
headings, continued up to a point near 


(*) The Jack of skilled operatives was the 
sole reason for doing so. 
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where the outside operations were to 
take place, allowed of working during 
the bad season in such a way as to ac- 
celerate the outside operations in due 
course. 


Shortly after driving the upper head- 
ing, the small and large sinkings were 
undertaken, with 1.50 m. (4/11) and 
2m. (663) between them, and then, 
with as little gap in the process as the 
necessities of the situation allowed, the 
arch raftering was formed and lining 
with concrete begun. 


This was done by serving over the 
arch rafters in symmetrical fashion. 
The concreting of the soffit of the arch 
was preceded by a stage known as the 
« walling up » which comprised concret- 
ing a section of the springing from 1 m. 
to 1.25 m,. (3”/:”" to 4/14’) deep immedia- 
tely above the abutments (ABCD in 
Fig. 5). This stage is particularly dif- 
ficult to effect on account of the position 
of the concrete at the bottom of the 
excavated space, amidst the complica- 
tion of timber props, and also because 
of the precautions which must be taken 
to ensure a sound joint between these 
pieces of wall section and the abutment 
itself. 


Fig. 10. — Inner works, looking backwards. 


Upper excavation stage. (Right and left 
clearances; in the distance concrete poured 
for the last ring and metal arch piece.) 


The concrete on the roof of the arch 
was put in place by means of 4.50 m. 
(14/9°/.’’) rings corresponding to three 
spacings of the framings. Keying was 
avoided by carrying on the concreting 


Fig, 11. — Inner works, looking backwards. 
View of the first rings of the arch. (In the 
alistance the old deformed arch, supported 
on arch pieces prior to being remade.) 


Fig. 12. — Inner works, looking forwards. 
Site where concrete is being prepared inside 
the tunnel. (Below the slope giving access 
to the upper stage is seen the entrance to 
the abutment heading on the valley side.) 


without interruption and mixing 


means of the pre- 


b) External works. (Figs. 13 and 14.) 
It was possible to carr } 
few preparatory works before winter set 


Fig. 13. — Outer works. Entrance to the 
abutment heading, valley side and to the 


upper heading. 


Fig. 14, — Outer works. 


Entrance to the 
three headings and slope giving access to 
the upper stage. 


a? 


out only a 
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in; the staff available was concentrated 
on the work inside the tunnel and on 
bringing materials together. 

By using bulldozers, kindly lent by 
the South Africans, the roadbed for the 
tracks was cleared ahead of the fall of 
deposits. 

Using the same machines and handl- 
ing them with great care, these deposits 
above the end of the tunnel were evened 
out. This operation, the result of which 
is seen in Fig. 14 had as its principal 
object to reduce the load on the timber- 
ing on the mountain side, to increase it 
on the valley side, and so diminish the 
slanting thrust exerted against it. 

The winter being exceptionally mild, 
and the difficulty of assembling enough 
personnel becoming a little less, it be- 
came possible on March 25th to begin 
outside operations. 

Having set up a screen to hold the 
slope, the abutment and arch headings 
were tackled, the process being the same 
as that used on the other phase of the 
work. 


4. — Resources used. 


The average strength of the staff en- 
gaged was 115 workmen, divided among 
three gangs working 8 hour shifts. In 
addition some 40 prisoners of war dealt 
with the handling of materials. 

The heavy material comprised : 

— two 34 to 45 H.P. compressors for 
serving the pneumatic hammers and vi- 
brators; 

— a concrete mixer of 750 litres (165 
gallons) and two of 250 litres (55 gal- 
lons) capacity; 

— a Montagnet 60 cm. 
tractor. 

A small workshop was set up for re- 
pairing any part of the equipment. 


(2’) 


gauge 


5. — Principal difficulties encountered. 


The nature of the ground to be clear- 
ed, its want of consistency, and the gen- 
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eral trend to move towards the valley, 
constituted one of the principal sources 
of difficulty. These determined, as stat- 
ed above, the choice of the methods to 
be followed in carrying out operations. 

In the first place, it was necessary 
to have a contractor having at his dis- 
posal an excellent staff, able to meet to 
the greatest possible extent the want of 


specialised workmen, especially those 
skilled in timbering. 
The timbering for the excavation 


work was particularly carefully super- 
vised. 

Although excellent quality resinous 
timber, recently felled, was used, and 
the diameter of the verticals and heads 
of the stagings and supports was be- 
tween 0:30) and 0:50 m. -(1"/.” and 
1’7°*/«’’) the timbers were very heavily 
affected, particularly in the side wall 
headings. 

Breakages of the heads and verticals 
made it necessary to duplicate them in 
the worst places; Figs. 15 to 22 illustrate 
some examples of broken or crushed 
items. 

The presence of so much timbering 
rendered the excavating and masonry 
work very difficult to carry out. 

The pressure of the ground caused the 
headings to settle (the settlement of the 
top of the heading on the valley side 
was as much as 0.18 m. [7*/:/’]) and 
until the timberings could be supported 
against the abutments they had a ten- 
dency to be forced over, the inclination 
amounting to 0.17 m. (6%/w’) (). (This 
is seen very clearly in Fig. 6). 

As soon as the upper heading was able 
to begin passing material into the abut- 
ment headings, the difficulties increas- 
ed, and led to the modification of the 


(‘) To ensure the safety of the workmen 
engaged at the face at the end of the heading 
in ease of a fall occurring behind them. a small 
heading was driven connecting the two abut- 
ment headings, 38 m. (124/8’7) from the point 
where the work was being effected from inside. 
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ples of 


sole timbers of this heading and the cut- 
aways at the points of excavation. 


Longitudinal sole timbers were sub- 
stituted for the transverse ones (the sett- 
ing in place of which was difficult in 
any case and obliged one to use a mask 
piece at each staging) so that any ac- 
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erushed timbering, 
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broken or 


cidental load occurring at one point of 
the. top heading would be distributed 
over several stagings in the lower head- 
ing (see Fig. 5). 

Finally when the work undertaken 
from outside was sufficiently advanced, 
the lower headings were got rid of pro- 
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Fig. 23. — Abutiment heading, moun- 
tain side, near completion. 


Fig. 24. — Abutment heading, valley 
side, near completion. 


gressively, beginning from inside, by 
putting stretcher pieces under the cen- 
tre of the heads of the stagings (Figs. 
23 and 24). 

The excavating of the upper headings 
proved difficult, as did that of the abut- 
ment headings. However, the building 
up of the lining followed very soon, 
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within a month at most, after the upper 
heading was driven. 


During this short interval settlements 
of up to 0.40 m. (1/32) were noted. To 
meet these the excavating was taken up 
to 0.70 m. (2’33’) above the back of the 
lining, in such a way that, allowing for 
the thickness of the timber which had 
of course to be abandoned, the minimum 
thickness laid down for the lining could 
be obtained without having to make a 
«lift» which would have been extre- 
mely costly and awkward to do. 


The effect on the timbering became 
extremely noticeable at the break up of 
the frost and in the zone 25 m. (827) 
long situated at some 20 m. (65/7°/;/’) 
from the point where work was com- 
menced inside. 

The amount of timber used gives an 
idea of the loads and pressures; it 
amounted to an average of 25 m* (882 
cubic feet), stopping off included, per 
lineal metre of tunnel and about 0.3 m* 
(10.59 cubic feet) of excavation (°). 

This represents a particularly high 
proportion, never before reached in the 
many tunnels constructed by the P.L.M. 
Company since the commencement of 
the century, some of which were cer- 
tainly difficult to drive. 

It may be noted as a matter of infor- 
mation, that for the restoration of the 
tunnel towards the mouth on the Italian 
side, not more than 5 m*® (176 cubic feet) 
of timber needed to be used per metre 
of tunnel. 

Nothing particular needs to be said 
about the concreting work, except to 
remark on the difficulty arising from 
the presence of so much timbering. 


We may however point out that the 
most difficult stage of all, the making of 


() The so-called «normal» arrangements 
of timberine are shown in Fig. 5. Their cost 
was included in the price charged for exca- 
vating. Additional timbering was paid for to 
the contractor at_prices fixed by a schedule. 
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the special wall pieces at the base of the 
crown of the arch, could have been sim- 
plified and even got rid of in another 
case of the kind by raising from 0.80 m. 
to 1 m. (2’73” to 3/’3*/./’) the level of the 
abutment headings. The trench work 
for the foundation of the abutments 
would have had to be correspondingly 
deepened, but experience has shown 
that such an operation presents no spe- 
cial difficulties. 

It is intended to take advantage of this 
in the work of restoring the tunnels on 
the Nice to Coni line. 

In normal times, a great part of the 
labour available in the Maurienne dis- 
trict comes from Italy. This was lack- 
ing however by reason of administrative 
and political difficulties which put ob- 
stacles in the way of obtaining any num- 
ber of the specialised workers available 
on the other side of the Alps. The con- 
tractor had considerable difficulty in 
this deserted district in getting together, 
keeping together, and training the neces- 
sary skilled personnel. 

Finally the presence of unexploded 
mines and bombs among the fallen de- 
posits could not be ignored, and the 
workers had to be on their guard at 
every instant. 

In fact, a pile of shells set ready for 
firing were found among the earth 
which caused a certain delay in carry- 
ing out the work. 


6. — Cost of the work. 


The cost amounted to some 45 mil- 
lions, or about 650 000 francs per lineal 
metre of tunnel. This figure may be 
compared with that applying to the 
Mourepiane tunnel, on the connecting 
line joining the new dock basins of the 
port of Marseilles to the Estaque to Jo- 
liette line; this tunnel, now under con- 
struction, driven through relatively easy 
ground, is costing 105 000 frances per li- 
neal metre at ordinary labour rates and 
comparable prices for material. 
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III. — REMARKS ON THE TIME TAKEN 
TO CARRY OUT THE WORK. 


It took about 10 months to restore a 
length of tunnel of some 70 m. (229787). 
This delay was attributable to having to 
make two attempts. It could have been 
reduced to from 3 to 4 months if the 
season of the year had allowed of mak- 
ing two starts on the work simulta- 
neously and if enough men to do the 
timbering had been available. 

Time could also have been gained by 
doing the excavation of the cutting at 
the tunnel mouth by a bulldozer or an 
excavator so as to reduce the amount by 
which the tunnel had to be lengthened 
and by excavating and timbering in the 
tunnel less cautiously than was in fact 
the case. 

No doubt one would have been willing 
to risk doing so had military necessity 
called for it, but as this was not the 
case it was held that the safety of the 
workers ought to be the first considera- 
tion. 

It was also thought that a fall in a 
heading, above all in the upper level, 
would have led to.a delay and an ex- 
pense out of all proportion with the 
small saving in time that would have 
been realised. 

The elder of the authors of the pre- 
sent article has been engaged on a suf- 
ficient number of civil engineering 
works — especially the building of tun- 
nels — to know that in difficult cases 
the surest guarantee of success is to 
avail oneself of the services of a first 
class contracting firm, having at its dis- 
posal a thoroughly skilled staff of wor- 
kers and foremen. 

We are pleased to be able to say that 
this was the case at the Frejus tunnel 
works, and the experience of the Gen- 
eral Manager of the undertaking, Mr. 
Borie and that of-his representative Mr. 
GERVAIS and his works supervisors proy- 
ed extremely valuable in the very par- 
ticular circumstances obtaining there. 


eee 
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Report on the year 1946 of the Netherlands Railways Cy. 


The Netherlands Railways have just 
published the report on the year 1946 
which was presented to the General 
Meeting of shareholders on the 19th 
July 1947. This report is interesting 
from more than one aspect, so that we 
think our readers should be informed of 
the most salient features. 

The operating resulted in a net profit 
of nearly 84 millions. This result, 
which shows that this railway is in a 
privileged position compared with 
others, is due to the increase in the 
traffic. It is however not exceptional 
for the Netherlands Railways to show a 
profit in their balance sheet. Since 
1926 there have only been two years, 
1936 and 1945, when there was a deficit. 
Leaving aside the war years, the operat- 
ing coefficient of 68.8 is the most fa- 
yvourable since 1926. 


On the profit and loss account, after 
deducting 7 millions of interest, setting 
aside 69 millions for the sinking fund 
and contributing 7.5 millions to the 
State exchequer, there is a final profit 
of 400000 florins. This represents 4 % 
on the capital stock held by the State. 


The report stresses the fact that the 
results briefly analysed are a complete 
answer to the statements often made in 
certain sections of the press to the effect 
that the Netherlands Railways are 
struggling with a large financial deficit 
which the State has to make good by 
means of grants from or taxes on road 
transport. 

Nor can it be argued from the fact 
that profits are distributed to lower the 
rates. It suffices to say that if the pro- 
fits represent 4 % of the capital stock, 
the proportion falls to 4 % when com- 
pared with the net operating receipts, 


and to 2/1000ths if the passenger traffic 
receipts are used as the divisor. The 
effects of this factor on the rates is 
therefore extremely small. 

The passenger traffic was particularly 
heavy during 1946. It is estimated that 
the number of passengers, which reach- 
ed 174 millions, was 2.15 times that of 
1938. As the difficulties experienced at 
the beginning of the year decreased, the 
traffic continued to grow steadily. Cer- 
tain bus services which were set up as 
a temporary relief could soon be dis- 
pensed with. Altogether the passenger 
trains covered 20 million kilometres 
(12.4 million miles), the goods trains 
more than 9 millions (5.6. million mi- 
les), i.e. a sum total of nearly 30 mil- 
lion train-kilometres (18 million train- 
miles). Out of the total receipts of 238 
millions, the passenger services account- 
ed for 198 millions and the goods sery- 
ices for 40 millions. Military transport 
contributed a further 22 millions to the 
receipts. 

Amongst the chief obstacles in the 
way of normal operating, mention must 
be made of the important engineering 
works. Of the 11 important bridges 
still unusable on the 31st December 1945, 
7 were either provisionally repaired 
during 1946 or replaced by a temporary 
bridge. Nearly all the small bridges 
were restored either provisionally or 
definitively. At the same time the signal 
boxes were repaired (98 in all), the 
block system (1524 km. [947 miles] in 
service out of 1966 [1214 miles] in 
September 1944), the automatic signal- 
ling equipment of unprotected level 
crossings (22 restored out of a total 
of 42) and the telegraph lines. 

A very serious source of trouble was 
the shortage of rolling stock, both loco- 
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motives and waggons and _ coaches. 
Compared with the situation on the 17th 
September 1944, the number of coaches 
had been reduced from 1 572 in service 
to 554 at the end of 1946; the number 
of waggons was halved. Locomotives 
were not so badly hit. Coaches were 
repaired by making use of those beyond 
repair for spares. The lack of machine 
tools greatly hindered the activity of the 
repair shops. Nevertheless production 
reached 72 % of that of 1938 and 1939 
at Amersfoort, and 86 % at Blerick. Re- 
pairs were also carried out by industrial 
firms. The railway purchased English 
locomotives lent to the Allies in 1945 
and also put into service 44 Swedish 
and 27 Swiss locomotives, in addition to 
7 diesel-electric shunting engines and 
two others for goods trains. 

As far as electric traction is concern- 
ed, by the 21st December 1946, 286 km. 
(178 miles) of line had been restored to 
traffic including the Amsterdam-Utrecht 
section equipped in 1946, compared 
with 566 km. (352 miles) in operation 
on the 17th September 1944. 
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At the end of 1946, the system includ- 
ed 3542 km. (2200 miles) of lines, 
2 235 (1388 miles) of which were single 
track and 1307 (812 miles) double 
track. The total staff amounted to 
39976 employees (i.e. 11.2 per km.). 
The staff expenditure represents 70.9 % 
of the operating costs. In 1945 this 
ratio was higher : 85.4 %. 

At the end of 1946, the period of pro- 
visional restoration was more or less at 
an end, to be succeeded by definitive 
reconstruction. Such work is however 
seriously impeded by the lack of mate- 
rials and capital. The Management 
hopes with the assistance of the Govern- 
ment to be able to actively pursue the 
carrying out of many tasks of recon- 
struction in order to maintain a reason- 
able transport system in the country. 

The general impression given by an 
examination of the year 1946 is encou- 
raging. The financial situation is 
healthy and thanks to the foresight of 
the management, the future can be faced 
with confidence. 

E. M. 
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NEW BOOKS AND PUBLICATIONS. 
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TURNER (Major C. R.) E. D., A. M. Inst. Mech. E., General Manager and Harbour 
Authority. — Gold Coast Railway and Takoradi Harbour, 1939-1945. War Activities. — 
A brochure (42” x 7”) of 16 pages and numerous tables. — 1946, Accra, Government 
Printing Department. (Price: One Shilling.) 


The railways and harbours of coun- 
tries fighting against the Axis had to 
deal with an exceptional volume of traf- 
fic. Often, they had to deal not only 
with a sudden and considerable traffic 
but also with a large amount of unusual 
transport. These additional burdens 
were increased by work in connec- 
tion with installations and manu- 
factures largely outside the normal acti- 
vities of a railway. It is therefore not 
astonishing that such transport under- 
takings as the Gold Coast Railway and 
Takoradi Harbour had much to cope 
with in view of the extent and diffusion 
of the theatre of war and also on ac- 
‘count of the relative proximity of 
North Africa and the Middle East. This 
little pamphlet is however extremely re- 
vealing. It gives us in a few pages 
many details of the unimagined diffi- 
culties which had to be solved with 
fewer facilities available than in times 
of peace. 

Amongst the circumstances which ag- 
gravated the burden of the railway, was 
first and foremost the lack of petrol. 
Nearly all the road traffic had to go by 
rail. There were in particular large 
scale troop movements, especially when 
leaving to East Africa for the Abyssinian 
campaign and later on to the Far East. 

To support the North Africa campaign 
the Royal Air Force established a base 
at Takoradi. This involved the unload- 


ing of hundreds of packing cases con- 
taining aircraft and all their associated 
equipment : hangars, spare parts, provi- 
sions, munitions, etc. 

The working of the bauxite mines, in 
addition to involving a large amount of 
traffic, necessitated the construction of 
a new line 74 km. (46 miles) long. The 
extensions to the services involved there- 
by as well as the running of night sery- 
ices led to serious labour problems. In- 
tensive training was necessary. There 
were also gaps in the managerial staff 
owing to men being called up. 

Nearly all the installations had to be 
extended, not only on the railway, but 
also at the harbour as well as its equip- 
ment. 

The rolling stock, both locomotives 
and vehicles, had very intensive use, as 
it was not until much later, in 1944, that 
new stock could be bought. 

The above are brief indications, of a 
summary nature, gleaned in the course 
of reading this very interesting little 
work. They will suffice to show the 
amount of courage and ingenuity dis- 
played by the staff of these two trans- 
port undertakings in the common cause. 

The author has appended some statis- 
tical data relating to the working years 
from 1939-40 to 1944-45, which makes it 
possible to appreciate the facts given in 
the text. 


E. M. 
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LAPA (J. F.), Doctor of Economic and Financial Science. 
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Head of the Commercial 


Department of the Portuguese Railways. Transportes terrestres. Concorréncia e coor- 


denacao. (Overland ‘Transport. 


Competition 


and co-ordination). One volume 


(64” x 9”) of 336 pages. — 1946, Lisbon, Grafica Santelmo, Rua de S. Bernardo, 84. 


The author after having examined the 
universality of the problem of competi- 
tion between the different methods of 
transport and the specific characteristics 
of competition between methods of 
transport in Portugal, considers, on the 
basis of the official statistics, the perni- 
cious effects of such competition and 
throws into relief the extent, acuteness 
and topicality of the problem. These 
characteristics enable him to deduce the 
imperative need for co-ordination as the 
only solution able to prevent the harm- 
ful effects of interference with the func- 
tions of each of these methods of trans- 
port. 

He goes into the matter minutely and 
compares the legislation governing the 
commercial operation of the railway 
and road transport, the system of taxa- 
tion, the plan of the railway system and 
the plan of the road system, suggesting 
in conclusion the drawing up of a « plan 
for overland transport ». In the chapter 
devoted to a detailed comparison of the 
railway rates and prices charged by 
road hauliers, the author defends the 
thesis that the former, owing to their 
eclectic basis, are truly instrumental in 
the economic and social policy, whereas 


the latter, as now operated, have no in- 
terest in the national welfare, and he 
explains the consequences of this dif- 
ference. 

Finally, basing his arguments on a very 
extensive bibliography, the author de- 
fines a method of co-ordination under 
the fourfold aspect of the legislation go- 
verning the commercial operation, taxes, 
a plan for overland transport, and finally 
the rates, defending contrary to the gen- 
eral tendency the extension to the road 
transport industry of the legal and eco- 
nomic principles on which railway 
transport is based, as the sole way to 
satisfy the real economic principles. In 
order to make certain of the success of 
such a system the author recognises the 
necessity of getting rid of the present 
haphazard system of hauliers and sug- 
gests to his readers two solutions, one 
being the integration of the transport in- 
dustry and the other the concentration 
of road transport, explaining the reasons 
why he prefers the latter solution. 

Finally the author proceeds to exa- 
mine critically the proposed law on co- 
ordination presented by the Portuguese 
Government to the National Assembly in 
1945 and the resulting law. 


